
Stream Flow and USGS Data for the Santa Cruz River 

!. Santa Cruz River is an ejjluent dominated stream. The published water resources date 
from the US Geologica! Survey (USGS) identifies the flow in Study Area A and B as 
arising from discharges from wastewater treatment facilities to distinguish the flow from 
other surface and ground water sources. Flow in Study Area A (upper Santa Cruz) is 
effluent discharged from the Nogales International Boundaries Wastewater Treatment 
Plant in located in Rio Rico, Arizona. Flow in Study Area B (lower Santa Cruz) result 
from discharges from the Roger Road and Ina Road wastewater treatment plants. 
Without releases from these treatment plants, flow in both of these reaches would be 
greatly diminished in frequency and volume to the point that the study reaches would 
likely be dry for most of the year. 

a. The Corps' Gila River, Santa Cruz River Watershed, Pima County Arizona also 
identify the flow as effluent dominated. 

b. The Corps' Tres Rios del Norte Feasibility Study's Without Project conditions 
assumes that, the effluent flow would be diverted for recharge and direct re-use "it 
is expected that under future without-project conditions, growth and development 
pressures would increase the economic value of the effluent to such a point that 
the owners of that water may no longer choose to discharge it into the river but 
would instead utilize it, to some degree, for other economic purposes." 

c. Arizona defines the Santa Cruz River as an effluent dominated stream and has set 
water quality standards for "partial body contact" as a regulatory standard for the 
quality of effluent discharge, not for the purpose of navigation or recreational use. 

d. Effluent flow in desert streams is man made and should not be considered as the 
"natural and ordinary condition" when evaluating navigability. 

2. Use of streamflow data mean or monthly daily flow. Given the intermittent character 
of streamflow in the desert southwest, long-term mean data can easily be skewed by 
infrequent large events. The US Geological Survey (USGS) publishes the maximum and 
minimum flows, the standard deviation and the coefficient of variation in addition to the 
mean. 

a. At the Amado site for the period of record (October 1, 2003-September 30, 2007), 
the calculated mean daily discharge for July 19 is 17 5 cfs. The published data for 
the USGS Water Resources Data Water Years 2004, 2005, 2006, and 2007 for 
July 19'h over the 4-year period of record are 650, 46, 3.2, and 0.86 cfs. 

1. It is highly questionable if perennial flow exists at or downstream of the 
Amado gage site (approximately midway through Area A). At the Amado 
gage using the USGS published data over the 4-year period of record, for 
the period July-October (192 days per year or 768 days for the period of 
record) the daily mean value exceeded 50 cfs during only 58 out of768 
days (7.6%) and on only on 119 days (15%) did the flow exceed 10 cfs. 

n. For the period December-January (62 days per year or 248 days for the 
period of record), the daily mean value never exceeded .SO cfs and the 
daily mean value exceeded 10 cfs on 55 days (22%). 



b. At Continental, for the period of record (October 1, 1939- September 30, 2007) 
at the gage at Continental (Study Area A), the mean of daily mean values are 
skewed upward by infrequent large flow events. Published data indicate daily 
mean values ofO.OO cfs for most days t.lrroughout the period of record. As 
illustrated in a published report from the 2004 Water Year, the annual days with 
no flow in the Santa Cruz River at Continental is 300 days. 

c. At Cortaro, for the period of record (October 1, 1939 to September 30, 2007) the 
records are considered poor because the gage has been relocated 5 different times 
and from sewage plant disposal into the river has been included in water years 
1951, 1952, 1970-82 and from 1990 to present. The discharge of effluent into the 
Santa Cruz River from Roger Road and Ina Road presently has a daily average of 
77 cfs. These various factors make use of the mean daily discharge based on the 
period of record unreliable. 

3. Determining Stream Gage Height. Gage height is a reference height highly and should 
not be confused with the depth of flow in a stream, this is especially true in Arizona with 
ephemeral streams and the potential changes in the stream bed from erosion and/ or 
deposition. Gage height can not be used to estimate stream flow depth, for example the 
gage height of 21 feet for the Tubac stream gage certainly does not mean the depth of 
flow is 21 feet. Gage height also varies depending on the type and purpose of the stream 
gage. The National Weather Service information on gage height is intended to be used 
for flood warning and the gage height is purposely set above daily flow values at 2 to 3 
feet above the bed of the channel. Therefore even when there are no flows in the River, a 
default gage height of 2 feet would be indicated. 

4. Variability of StreamFlow in the Santa Cruz River. Statistical analyses of stream flow 
in the Santa Cruz River as published by the USGS illustrate the wide variability in 
monthly and annual :flows (USGS Water Resources Investigations Report 98-4225). 
When looking at daily :flows in the arid southwest the use of mean daily flow is 
meaningless and a more appropriate tool would be reviewing the number a days annually 
with no flow (USGS Water Resources Data Arizona Water Year 2004). For the Santa 
Cruz at Tucson, Congress Street, more than 50% of the monthly discharge values are zero 
for the months of October through June. Monthly :flows only become measurable in July, 
August and September. An investigation by the USGS of stream :flow in southeastern 
Arizona indicated 58% of the annual :flow occurs in the summer months for the San 
Pedro and Santa Cruz Rivers (USGS Professional Paper 1712). 

Attachments for Santa Cruz River from: 

USGS Water Resources Investigations Report 98-4225, Statistical Summaries of Streamflow 
Data and Characteristics of Drainage Basins for Selected Streamflow-Gaging Stations in Arizona 
Through Water year 1996. 

USGS Water Resources Data Arizona Water Year 2004 



USGS Professional Paper 1712, Trends in Streamflow of the San Pedro River, Southeastern 
Arizona, and Regional Trends in Precipitation and Streamflow in Southeastem Arizona and 
Southwestern New Mexico. 
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GILA RIVER BASIN 193 
09480500 SANTA CRUZ RIVER NEAR NOGALES, AZ 

lOCATION.--lat 31°20'40", long 110°51'03", in NW114 sec. 1 B. T.24 S., R.15 E. (unsurveyed), Santa Cruz County, Hydrologic Unit 15050301, in Spanish land grant of Maria Santisima del Carmen, an left bank 0.8 mi downstream from international boundary and 5.5 mi east of Nogales. 
DRAINAGE AREA.-533 mi2. ofwhich348 mi2 is in Mexico. 
PERIOD OF RECORD.--Mar. to Nov. 1907 and Apr. 1909 to Dec. 1912 (discharge measurements and fragmentary gage-height record), Jan. 1913 to June 1922 (Oct. 1915 to Sept. 1916 monthly discharge only), May 1930 to Dec:. 1933, July 1935 to current year. Water-year estimates for 1913, 1915-16, 192D-22, 1930, 1934-35, published in WSP 1733. 
REVISED RECORDS.--WSP 959: 1935(M). WSP 1213: 1915-16, 1930-32/M), 1934/M). 1936-37(1v1). WSP 1283: Drainage area·. 
GAG E.-Water-stage recorder. Datum of gage is 3.702.54 ft above sea level {levels by International Boundary and Water Commission). Prior to June 30, 1922, nonrecording gage or water-stage recorder at various sites 5 to 6 mi downstream at different datums. 
REMARICS.-Recordsfair, except for estimated daily discharges. which are poor. Diversions above station of about 4,300 acre-ft/yrfor irrigation of about 2,150 acres in Mexico in 1977. Diversion 19 mi upstream for municipal supply of city of Nogales, Sonora, began in 1949; diversion in 1968 totaled 3,500 acre-ft/yr. 
EXTREMES FOR PERIOD 1930-20[10.-Maximum discharge, 31,000 fills Oct. 9, 1977, gage height, 15.5 ft. from rating curve extended above 1,660 tt3;s on basis of slope-area measurement of peak flow, no flow at times in most years. 
EXTREMES FOR CURRENT YEAR.-·Peak discharges greater than base discharge of 2,000 fil;s and (or) maximum("): 

Date Time Discharge (ft%1 Gage height (ft) 

July 15 ......... .. 2030 "1,180 "4.44 

Minimum daily discharge, no flow for many days. 

DISCHARGE, CUSIC FEET PER SECOND, WATER YEAR OCTOSER 2003 TO SEPTEMBER 2004 
DAILY MI:::AN VALUES 

DAY OCT 

0. 00 
0, 00 
0. 00 

... 0. oo 
5 0, oo 

0. ()0 
7 0. ()0 

0. oo 
ll. 

10 0,68 

11 0.24 
12 0.13 
13 0.1() 
14 0. 08 
15 0.15 

16 0.09 
17 0,03 
18 0.01 
19 0.00 
20 0,00 

21 0.00 
22 0.00 
23 0.00 
24 0.00 
25 a. DO 

26 0. 00 
27 0.00 
28 0.00 
29 0,00 
30 0.00 
31 0.00 

TOTAL 12.51 
ME:AN 0.40 
MAX n 
M!N 0.00 
AC-F'l' 25 
CFSM 0.00 
IN. 0.00 

nov 

0.00 
0.00 
0,00 
0. 00 
0.00 

0.00 
0, 00 
0,00 
0,00 
0.00 

0.00 
0. 04 
0.06 
0. 00 
0.00 

0.00 
0. 00 
0.00 
0. 00 
0.00 

0. 00 
0. 00 
0. 00 
0. 00 
0.00 

0.00 
0.00 
0. 00 
0,00 
0, 00 

0.10 
0.00 
0. 06 
0.00 

0,00 
0. 00 

DEC 

0, 00 
0.00 
0. 00 
0.00 
0. DO 

0, 00 
0. 00 
0, 00 
0.00 
0. 00 

0. 00 
0, 00 
0, 00 
0. 00 
0. 00 

00 
0.00 
000 
0.00 
0. 00 

0.00 
0.00 
0.00 
0 .oo 
0.00 

0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 

0.00 
0.00 
0, 00 
0, 00 
0. 00 
0. 00 
0. ()0 

JAN 

0. DO 
0. 00 
0. 00 
0, 00 
0. 00 

0.00 
0. 00 
0.00 
0. 00 
0.00 

0.00 
0, 00 
0,00 
0.00 
0. DO 

0. 00 
0.00 
0. 00 
0.00 
0,00 

0. 00 
0, 00 
0.00 
0.00 
0.00 

0.00 
o.oo 
0. 00 
0. 00 
0.00 
0. 00 

0. 00 
0.00 
0,00 
0, 00 
0,00 
0. 00 
0.00 

0.00 
0.00 
0 .oo 
0.00 
0.00 

0 .00 
0.00 
0 .00 
0 .co 
0 .00 

0 .00 
0.00 
0 .00 
0.00 
0.00 

0.00 
0. 00 
0.00 
0. 00 
0. 00 

0. 00 
0. 00 
0. 00 
0. 00 
0. 00 

0. 00 
0. 00 
0. 00 
0. 00 

0.00 
0. 00 
0. 00 
o.oo 
o. 00 
0.00 
0. 00 

o. 00 
0.00 
0.00 
0.00 
0 .oo 

0.00 
0. DO 
0.00 
0. 00 
0. 00 

0. 00 
0. 00 
0. 00 
0.00 
0, oo 

0, 00 
0, 00 
0. 00 
0. 00 
0. 00 

0. 00 
0 ,00 
0. 00 
0. 00 
(), 00 

0. 00 
0, DO 
0. 00 
0. 00 
0. 00 
0. 00 

o .oa 
0. 00 
0,00 
0. 00 
0. 00 
0. 00 
0, 00 

0. oo 
o. oo 
a. oo 
o.oo 
0, oo 

0. oo 
0.00 
0.00 
0, oo 
0,00 

0.00 
0,00 
0.00 
0 .oo 
0. 00 

0 .oo 
0, co 
0.00 
o.ao 
0,00 

0.00 
0.00 
0. 00 
0.00 
0. 00 

0. 00 
0.00 
0. 00 
0, 00 
0. 00 

0, 00 
0, 00 
0. 00 
0. 00 
0. 00 
0. DO 
0, 00 

0.00 
0. 00 
0.00 
0, 00 
0,00 

0. 00 
0.00 
0. 00 
0.00 
0, 00 

0.00 
0,00 
0.00 
0. DO 
0,00 

o.oo 
0,00 
0.00 
0.00 
0,00 

0.00 
0.00 
0.00 
0.00 
0,00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0, 00 
0, 00 

STATISTICS OF MONTHLY M~ DATA FOR WATER YEARS 1914 - :2004, BY WATER YEAR (WY) 

MEAN 
MAX 
(W'!) 

MW 
(WY) 

26.5 

'" 1978 
0.00 
1914 

10.1 

'" 2001 
0.00 
1919 

33.0 

"' 1979 
0.00 
1919 

39.0 

1979 
0. 00 
1974 

Jl. a 
370 

1985 
0. 00 
1974 

23 .0 

"' 1993 
0, 00 
1914 

7. 75 
58.1 
1992 
0.00 
1.914 

1. 76 
16.8 
1993 
0, 00 
19H 

0.00 0.00 
o.oo 0,00 
0,00 0,00 
0,00 0.00 
0,00 0.00 

0.00 0.00 
0.00 o.oo 
0.00 o.oo 
0,00 0,00 
0.00 0,00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
o.oo 0,14 
0,00 e55 

0.00 67 
o.oo 0.04 
0.00 4.2 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
o.ao o.oo 
0.00 7.6 
o.oo 0.32 
0.00 o.oo 

0. 00 

0.00 134 30 
0.00 4.33 
0.00 67 
o.ao o.oo 
0.00 266 
0.00 0,01 
o.oo 0.01 

1. 27 
24.4 
1984 
0, 00 
19H 

38.5 

'" 1950 
0.00 
2918 

AUG 

0, 00 
0.00 
0. 00 
0 .00 
0. 00 

0.00 
0.43 
0.00 
0.00 
0. 00 

0.00 
0. DO 

2.3 
0. 00 

0.06 
0. 00 
0.00 
0. 00 
0. 00 

0. 00 
0. 00 
0. 00 
0. 00 
0. 00 

0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 

6. 69 
0.22 

'"' 0. 00 

0.00 
0. 00 

82.5 

"' 2955 
0.15 
1991 

SEP 

0.00 
0.00 
(). 00 
o.oo 
0. 00 

0. DO 
0. 00 
o.oo 
0. 00 
0. 00 

0. 00 
o.oo 
0. 00 
0. oo 
o.oo 

0. DO 
0. 00 
0. 00 
0.00 
0. 00 

0. 00 
0. 00 
0. 00 
0. 00 
0.00 

0.00 
0. 00 
0.00 
0. 00 
0,00 

0. 00 
o.oo 
0. 00 
0, DO 
0,00 
0. 00 
0 .oo 

158 
1983 
0. 00 
2918 

SOMHARY STATISTICS FOR 2003 CAL£NDAR YEAR FOR 2004 WATER YEAR WATER YEARS 1924 200-t 

ANNUAL TOTAL 
Am<'UAL MEAN 
IUGEiEST ANNUAL !!,EAN 
LOWEST ANNUAL MEAN 
E!GEiEST DAILY N!::AN 
LOWEST DAILY NEAN 
JIMroAL SEVEN-Dl·.Y M!NIMUM 
ANNUAL RUNOFF (AC-FT) 
ANNUAL RUNOFF (CFSM) 
AmlUAL RUNOFF (INCHES) 
10 PERCENT EXCEEDS 
50 PERCENT EXCEEDS 
90 PERCENT EXCEEDS 

e Estimated 

99 Aug 26 
o.oo Jan 1 
0.00 J<m 2 

'" 0 .0()2 
0. 03 
0.13 
0. 00 
0. 00 

153 60 

0 " 

67 Jul 16 
o.oo Oct 
o.oo Oet 

305 
0.001 
0, 01 
0,00 
0. 00 
0. 00 

26.0 
123 

0.42 
13200 oct 

0.00 Oct 
o.oo oc~ 

28870 
0, 049 
0. 66 

'. 0 
0. 00 

1.979 
2004 
1.9'17 
1ns 
1.923 



2004 Water Year 

Santa Cruz River Basin 
09480500 SANTA CRUZ RIVER NEAR NOGALES, AZ. 

Latitude: 31°20 '40
11 

Santa cruz County 
Longitude: l10'51 '03" 

Datum: 3702.54 feet 
Hydrologic Unit Code: 15050301 

Drainage Area: 533. n1.F 
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GILA RIVER BASIN 195 
09481740 SANTA CRUZ RIVER AT TUBAC, AZ 

LOCATION.·-lat 31°36'46', long 111°02'27", in SEu~swu~swu~. sec.B L21 S., R.13 E., Tubac quadrangle, Hydrologic Unit 1505030i in Spanish land grant of San Ignacio de Ia Canoe, on right bank at the Bridge Street bridge, 1/4 mi east ofT ubac, 3.1 mi downstream from Tumacacori, and 19 mi south of Continental. 
DRAINAGE AREA.·-1,209 mi2 of which 395 mi2 is in Mexico. 
PERIOD OF RECDRO.-Oct. 1995 to current year. 
REVISED RECDRDS.·-WRD /V.: 1997. 
GAGE.-Water-stage recorder. "Elevation of gage is 3,180 ft above sea level. irom topographic map. 
REMARKS.-Records fair. except for estimated daily discharges which are poor. Base flaw is regulated by sewage-treatment plant at Rio Rico. No natural flow for most of 

each year. 
Eh'TREMES FOR PERIOD OF RECORO.-Maximum discharge. 10,600 ft3;s. Oct. 23, 2000, gage height 26.56 ft; minimum daily, 0.15 ft3/s, June 26, 1997. 
EXTREMES FOR CURRENT YEAR.-Peaf( discharges greater than base discharge oi 2,000 ft3/s and maximum n 

Date 

July 8 ...... .. 

Ju!y23 ......... . 

Time 

1730 

1645 

Minimum daily discharge, 0.51 May 31. 

Discharge 

itt'M 

"4,240 

2,J40 

Gage height 
lftl Dale Time 

24.11 Aug. 15 ........ .. 1430 

23.02 

Discharge 

itt'M 

2,750 

Gage height 
lftl 

23.30 

DISCHARGE, CUBIC FEET PER SECOND, I-lATER YEAR OCTOBER 2003 TO SEP'!'EHBER 2001,; 
DAILY MEAN VALUES 

DAY 

' ' 

H 

" " H 

" 
" " " " 20 

" 22 

" "' " 
" " " " 30 

" 

OCT NOV 

4.5 !!8,3 
3.3 eB.2 
4.4 e10 
5,0 ell 
4, 6 e10 

7.6 e12 
6. 7 el3 
8.7 e13 

147 e14 
7,3 e1B 

1.5 e20 
3.9 e1B 
3.1 64 
4 .<!. 16 
3,9 16 

4,3 e21 
2.5 e21 
2.9 .e20 
o • .!IB e20 
o.G9 e20 

'.o 
'-' 
'-' 
'-' 
'·' 
5 .1 

'-' 
'.' 
7 ·' 
'. 0 

e7 .9 

'" '" <20 

"' o20 

e20 

"' "0 

"' e20 

TOTAL 291.47 sse. s 
lB, G HEAH 9.40 

MAX 147 
MIN 0.69 
AC-F'!' 57fl 

.., 
ll10 

"' "' e>7 

"' e>7 

'" " '" '" '" 
'" '" '" '" '" 
"' '" '" '" '" '" 
"' 18.1 

" 
1110 

JAN 

e151 

'" "' "' "' 
'" '" '" "' "' 
'" '" '" '" el9 

'" '" '" '" '" 
'" e20 

'" '" '" 
'" '" '" '" '" e20 

"' 23 .2 
m 

1430 

FE3 

"0 

"' "0 

'" "' 
2l 

" 2l 
20 

" 
" " " 20 

" 
" " " " " 
" " " " " 
" " " " 

"' 19.9 

" 
1140 

" " 17 

" 16 

" 16 

" " " 

" H 
1< 
H 

14 

1< 
H 
lJ 
lJ 
lJ 

" lJ 
lJ 
lJ 
lJ 
14 

"' H.6 

" lJ 

'" 

A?R 

10 
n 
n 
n 

" 
" 12 

" " lJ 

lJ 
B 

" 1< 
16 

" " " n 
7 ·' 

" lJ 

'·' 10 

" 

NAY 

'·' 7. 7 
~. 5 

'· 7 

'·' 
'-' 
'·' '-' 

'·' 
'. 7 
0.51 

764.5 211.41 
25.5 6.fl2 

398 13 
7,6 0.51 

1520 U9 

STATISTICS OF MONTHLY HEliN Di\TA FOR WATER YEARS 1996 200~, BY WATER YEA.'\ (WY) 

NEA11 
MAX 
(WY) 

MIN 
(NY) 

J.Ol 

7" 
2001 
2. 89 
2003 

SUMHARY STATISTICS 

A1l11UAL TOTAL 
ANNUAL NE:AN 

47.2 

"' 2001 
a .57 
199B 

HIGHEST ANN'UAL HEAN 
LOl-IEST k.'<N'UAL MEAN 
HIGHEST DAILY MEAN 
LONES'!' DAILY N:::AN 
AN11UAL SEVEN-DJ..Y M!N!MUM 
ANNUAL RUNOFF (AC-F'!') 
10 PERCENT EXCEEDS 
50 PERCENT EXCEEDS 
90 PBRCENT EXCEEDS 

e Entimated 

28's 
91.1 
2001 
l6' 1 
2003 

29 .s 
77,5 
2001 
14.6 
2003 

31.8 
07.8 
1998 
19.0 
2003 

FOR 2003 CALENDAR YEA?. 

6534.44 
17' 9 

-..?9 Aug 14 
0.00 Jun 4 
o.oo Jun 4 

12960 

" 
0.00 

25.1 
(5 .4 
1998 
14.6 
2004 

24' 6 
68.7 
2001 
8. 73 
1997 

9.as 
25.2 
2001 
3.15 
2002 

FOR 2004 WATER YEAR 

674fl.91 
18.4 

398 Apr 3 
0.51 May 31 
2.0 t<!ay 31 

l3390 

" 
5 .l 
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0.63 e.o e7.6 
2.1 7.5 e7.7 
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2.8 3.3 e7.S 

3.1 3.4 lOS 
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4.7 e369 e14 
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6.2 ell e7 .5 
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7.1i e7.6 e? 6 
7.9 e?.S e~6 

7.2 e7.7 el33 
7.9 e35 elB2 

a.-:: 141 111 
7,6 1-1 .0:.3 
e.o ea.o ell 
fl.l e67 ell 
8.2 31 ell 

" 1< 

" " H 

·' .J " e7 .5 
e189 

"' 
e7. 7 
e7. 7 
e7.6 

115 
e8. e 
e7 .5 

230.33 1153.7 
7.6a 37.2 

14 369 
0.63 3.3 
457 2290 

7.21 
22.4 
2000 
0.12 
2003 

29.9 
62 .a 
1998 
2.24 
1997 

'" '" "' en 
ell 

93l.O 
30.0 
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7 

1850 

39.2 
60.9 
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elO 
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2004 Water Year 

Santa Cruz River Basin 
09481740 SANTA CRUZ RIVER AT TUBAC, AZ. 

Latitude: 31'36' 46" 
Santa cruz County 

L . d 111'0?'?7" ong1tu e: __ 

Datum: 
Hydrologic Unit Code: 15050301 

3180 feet Drainage Area: mi 2 
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GILA RIVER BASIN 197 
09431770 SANTA CRUZ RIVER AT ElEPHANT HEAD ROAD NEAR AMADO, AZ 

LOCATION.--Lat 31~44'41.4", long 111°02'11.2', in sec.29, T.19 S., R.lO E. On !eft bank, upstream side of Elephant Head Road Bridge, 3 miles north of Arivaca Junction, and 5 miles north of Amado, Arizona. 
DRAINAGE AREA.-Undetermined. 
PERIOD OF RECORD.--Gage established on August 21, 2003. No previous record at this site. 
GAGE.-Water-stage recorder. Elevation of gage undetermined. 
REMARKS.--Records poor to August 24. fair for the remainder of the water year. Base flow consists of effluent releases from the International Boundary Wastewater Treatment Plant /IBWTP) located in Rio Rico, AZ. The plant is located at the confluence of Nogales Wash and the Santa Cruz River,25 miles south of the gage. No flow for several months. 
EXTREMES FOR PERIOD OF RECORD.--Maximum daily discharge, 1,940 f_t3;s, Sept 18, 2004; minimum daily discharge, no flow for several months. 

DAY 

' 

7 

10 

H 

" 13 

" " 
16 

" 16 
19 

" 
H 

" " " 25 

" 27 

" " 30 
H 

TOTAL 
MEAN 
MAX 
MIN 

OCT NOV 

o.oo eo.oo 
o.oo eo.oo 
o.oo eo.oo 
o.oo eo.oo 
0,00 eO.OO 

o.oo eo.oo 
o.oo eo.oo 
o.oo eo.oo 
o.oo eo,oo 
o.oo eo.oo 

o.oo eo.oo 
o.oo eo.oo 
o.oo eo.oo 
0,00 eO.OO 
o.oo eo.oo 

o.oo 0'!0.00 
o.oo eo.oo 
o.oo eo.oo 
o.oo eo.oo 
o.oo eo.oo 

0,00 eO.OO 
o.oo eo.oo 
o.oo eo.oo 
o.oo e0.02 
o.oa e0.06 

0.00 e0.20 
0.00 e0.29 
o.oo e0.45 
o.oo e0.5~ 

0.00 e0.79 
0.00 

0.00 2.33 
o.oo o.oa 
0.00 o. 79 
o.oo 0.00 
o.oo 0.00 
o.oo 4.6 

DISC:<ARGE, CUBIC FEET PER SECOND, WATER l'~R OCTOSER 2003 TO SEPTEMBER 2004 
DAILY N"...AN VALUES 
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eo. 87 
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e0.93 
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o. 77 
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0.67 
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0.10 

o. 00 
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0.00 
o.oo 
0,00 
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0.00 
0.69 
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0.00 13 
0.00 lB 

0.00 0,19 
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STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 2003 2004, BY WATER YEAR (WY) 

MEAN 
MAX 
(WY) 
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{WY) 

0.00 
0.00 
2004 
0. oo 
2004. 

SUM.'lARY STATISTICS 

ANNUAL TOTAL 
ANNUAL MEAN 

0. OS 
o .oe 
2004 
o.oe 
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H!GHEST Am.'UAL I·!EM1 
LOWEST ANNUAL MEAN 
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ANNUAL SEVEN-DAY MINIMUM 
ANNUAL RUNOFf' (AC-FT) 
10 PERCENT EXCEEDS 
50 PERCirnT EXCEEDS 
90 PERCENT EXCEEDS 

e :astimated 

2. 64 
2.64 
2004 
2. 64 
2004 

5.25 
5.25 
2004 
5.25 
2004 

7. 97 
7. 97 
2004 
7.97 
2004 

6. 64 
6 ,ii4 
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~004 
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~004 
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0.00 
2004 
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t:i.!ti~j 2004 Water Year 

Santa Cruz River Basin 
09481770 SANTA CRUZ NR AMADO 

Latitude: 31°44'41" Longitude: I11'02' II" Hydrologic Unit Code: 15050301 Pima County Datum: 3040. feet Drainage Area: mP 
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GILA RIVER BASIN 199 
09482000 SANTA CRUZ RIVER AT CONTINENTAl, AZ 

lOCATION.-lat 31°52'17', long 110°58'46:. in SEu~SEu~ sec. 11, i.18 S., R.13 E. [unsurveyed), Pima County, Hydrologic Unit 15050301, in Spanish land grant of San Ignacio de Ia Canoa, on right bank 0.8 mi northeast of Green Valley Post Office, and 1.5 mi north of Continental. Prior to Feb. 13, 1981, at site 1.5 mi upstream. 
DRAINAGE AREA.--1,682 mi2, of which 395 mi2 is in Mexico. 
PERIOD OF RECORD.-May 1940 to Dec. 1946, Oct. 1951 to Sept. 1984, Oct. 1991 to current year (monthly discharge only for 1985-86), (crest-stage partial record station for 1987-1990). Low-flow records not equ'1valent prior to Feb. 13, 1981, owing to undetermined amount of underflow between sites. 
REVISED RECORDS.-WSP 1283: Drainage area. WDR AZ-81-1: Drainage area. 
GAGE--Water-stage recorder. Datum of gage is 2,806.61 ft above sea level. Prior to Feb. 13, 1981, at site 1.5 mi upstream. July 21, 1940 to Sept. 8, 1965 at datum 17.28 ft higher; Sept. 8, 1965 to present at datum 13.21 ft higher. O!d site used as supplementary gage until Oct. 29, 1985. 
REMARI<S.-Records poor. Irrigation above station of about 12,500 acres including about 2,300 acres in Mexico, mostly by pumping ground water. 
EXTREMES FOR PERIOD OF RECORD.-Maximum discharge, 45,000 fiJ;s Oct. 2, 1983, gage height, 16.34 ft from rating curve extended above 530 fills on basis of slope-area measurement at gage height 7.75 ft and slope·area measurement of peak f!ow, maximum gage height 16.70 ft Oct. 9. 1977. site and datum then in use; no flow for most of each year. 
EXTREMES FOR CURRENT YEAR.-Peak discharges greater than base discharge of 2,000 ft3/s and (or) maximum{*); 

Date 

Sepll8 ......... 

Minimum daily discharge, no flow for mast of year. 

Time 

2115 

Discharge (fiJ/s) Gage height {ft) 

'"541 

DISC!iARGE, ctJEIC FEET PER SECOND, WATER YEAR OCTOBER 2003 TO SEPTEMBER :<004. 

DAY 

10 

" " " " 20 

" " " " 25 

" 27 
28 

30 

" 
TOTAL 
MEAN 
MAX 
MZN 
AC-FT 

OCT 

o. 00 
0, 00 
o. 00 
o. 00 
0. 00 

0. 00 
0. 00 
0. 00 
o. 00 
0. 00 

0, 00 
o. 00 
0. 00 
o. 00 
0. 00 

0.00 
o.oo 
0. 00 
0.00 
0. 00 

0. 00 
0.00 
o. 00 
0.00 
0.00 

0.00 
0, 00 
0.00 
o. 00 
0.00 
0.00 

0.00 
0. 00 
0.00 
0' 00 
0, 00 

NOV 

0. 00 
0.00 
0.00 
0,00 
0 .oo 

0.00 
0. 00 
0.00 
o. 00 
0.00 

0.00 
0.09 
0.00 
0.00 
o. 00 

0. 00 
0.00 
0. 00 
0, 00 
0. 00 

0.00 
0, 00 
0.00 
a. oo 
0.00 

o. 00 
0.00 
0. 00 
0.00 
0. 00 

0. 09 
0.00 
0.09 
0, 00 
0.2 

DEC 

0. 00 
0. 00 
0, 00 
0. 00 
0. 00 

0. 00 
0. 00 
0, 00 
0.00 
o. 00 

0. 00 
0.00 
0.00 
0, 00 
0. 00 

0.00 
0' 00 
0.00 

0' 00 
0.00 

0.00 
0. 00 
0. 00 
0.00 
0.00 

o. 00 
0.00 
0. 00 
o. 00 
0. 00 
0. 00 

0. 00 
0. 00 
0. 00 
o. 00 
0. 00 

JAN 

o. 00 
0.00 
0.00 
0 .oo 
0. 00 

0.00 
0.00 
0.00 
0 .oo 
0, 00 

0. 00 
0.00 
0. 00 
0. 00 
o. 00 

0. 00 
0.00 
0' 00 
0.00 
0, 00 

0.00 
0, 00 
0.00 
0.01 
0.00 

0,00 
o. 00 
0.00 
0. 00 
0.00 
0.00 

0.01 
0. 00 
0. 01 
0.00 
0. 02 

FEB 

0' 00 
0.00 
o.oo 
0. 00 
0. 00 

0.00 
0. 00 
0, 00 
0. 00 
0, 00 

0. 00 
0.00 
0. 00 
0 .00 
o. 00 

0. 00 
0. 00 
0. 00 
0. 00 
o. 00 

0.00 
0.00 
0. 00 
0. 00 
0. 00 

0. 00 
0 .oo 
0.00 
0 .00 

0' 00 
0 .00 
0. 00 

0' 00 
0.00 

DAILY ME'AN VALUES 

0. 00 
0.00 
o. 00 
o.oo 
0. 00 

0.00 
0.00 
0.00 
0. 00 
0, 00 

0. 00 
0.00 
0. 00 
0 .00 
o. 00 

0. 00 
0. 00 
o. 00 
a. oo 
0. 00 

0.00 
o. 00 
o. 00 
0. oa 
o. 00 

o. 00 
0.00 
0. 00 
0.00 
0. 00 
0. 00 

0. 00 
0.00 
0' 00 
0. 00 
0. 00 

APR 

0. 22 
0.16 
0. 00 
0.11 
o. 00 

0. 00 
o. 00 
0. 00 
0. 00 
0. 00 

o. 00 
0 .oo 
0. 00 
0 .00 
0. 00 

0. 00 
0.00 
0.00 
0.00 
0.00 

0.00 
0. 00 
o. 00 
0. 00 
o. 00 

o. 00 
o. ao 
o. oa 
0, 00 
0. 00 

0.49 
0. 02 
0. 22 
0. 00 
1.0 

MAY 

0. 00 
o. 00 
0, 00 
0. 00 
o. 00 

0. 00 
0. 00 
0. 00 
0, 00 
o. 00 

0. 00 
0,00 
0.00 
0.00 
0.00 

0, 00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

STATISTICS OF MONTHLY MEAN DATA FOR WATER YEA.~S 1941 - 2004, BY WATER YEAR (h'Y) 
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MIN 
{WY) 

so. a 
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0 .oo 
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SUlillARY STATISTICS 

.ANNUAL TOTAL 

.ANNUAL MEAN 

5.31 
133. 
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0 .oo 
1941 
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ANNUAL SEVEN-DAY !1INIMUN 
ANNUAL RUNOFF {AC-PT) 
10 PERCENT EXCEEDS 
50 PERCENT EXCEEDS 
90 PERCENT EXCEEDS 

33 .a 

"' 1968 
0. 00 
194.2 

H.O 
13S6 
1993 
0.00 
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11.7 

1966 
0. co 
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FOR 2003 CALENDAR YEAR 
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o.oo Jan 
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!L96 

"' 1983 
0. 00 
1941 

o. 70 
31.5 
1992 
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0.03 
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l9H 

FOR 2004 WATER YEAR 
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0. 04 
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0 .oa 
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0, 04 
o.oo 
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0.00 
0 OJ 
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0.17 
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0.17 

" " 

" 2l 
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197S 
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2!1,6 
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75,9 
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1.955 

SEP 
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0.00 
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2004 Water Year 

Santa Cruz River Basin 
09482000 SANTA CRUZ RIVER AT CONTINENTAL, AZ 

Latitude: 31° 52' 17 11 

Pima County 
Longitude: ]]0°58 '46" 

Datum: 2819.82 feet 
Hydrologic Unit Code: !5050301 

Drainage Area: 1682. mP 
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GilA RIVER BASIN 201 
09482500 SANTA CRUZ RIVER AT TUCSON, AZ 

LOCATION.--lat 32°13'19", long 1HJ<'58'52', in SEu~SE114 sec. 11, T.14 S., R.13 E., Pima County, Hydrologic Unit 15050301, on right bank, 300 ft downstream from Congress Street Bridge, in Tucson. 
DRAINAGE AREA.-·2.222 mi2. of which 395 mi2 is in Mexico, adjusted for 15.2 mi2 of Tucson Arroyo drainage area contributing to this station effective July 1956. PERIOD OF RECORD.--Oct. 1905 to Sept. 1981 (monthly discharge only, Jan. 1907 to Sept. 1912, Jan. to Sept. 1 914). June 1986 to Sept. 1995 (discharge above 500 ft3/s only), Oct. 1995 to current year. 
REVISED RECORDS.--WSP 859: 1915(M). WSP 1283: Drainage area. WSP 1313: 1939(M). WDR AZ-88--1: 1988-87(M). 
GAGE.-Water-stage recorder and crest·stage gage. Datum of gage is 2,320.68 ft above sea level. Prior to Nov. 27, 1929, nonrecording gages or reference points for measuring to water surface at various places on Congress Street bridge at various datums. Nov. 27, 1929 to Sept. 30, 1981, water·stage recorder at Congress Street bridge: at datum 6.22 ft higher Nov. 27. 1929 to June 18, 1958; at datum 2.22 ft higher June 18, 1958 to May 21, 1963; at datum 3.48 ft Jciwer May21, 1963 to Oct. 27, 1970; at datum 2.86 ft lower Oct. 1, 1971, to Sept. 30, 1981. No gage Oct. 27, 1970 to Oct. 1, 1971. and Oct. 10, 1977. to Feb. 14, 1978. 
REMARKS.-Records fair, except for estimated daily discharges, which are poor. Irrigation above station of about 26,000 acres, including about 2,300 acres in Mexico, mostly by pumping from ground water. Ground water is also pumped above the station for municipal supply and mining. From Oct 1969 to Sept. 1981, all flow past station was published, including waste water when known. 
EXTREMES FOR PERIOD OF RECORO.-Maximum discharge, 37,400 tf;s Jan. 19, 1993, gage height, 11.67 ft; no flow for most of each year. 
EXTREMES OUTSIDE PERIOD OF RECORO.-Maximum discharge since at least 1892, 52.70Dff/s, from s!ope·area measurement of peak flow, Oct. 2, 1983; gage height, 22.2 ft, from floodmark, at site and datum used in 1981. 

Maximum discharge during the 1985 water year was 10,000 tt3;s Dec. 28, 1984; gage height, 12.5 ft at site and datum used in 1981. EXTREMES FOR CURRENTYEAR.-Peak discharges greater than base discharge of 1.700 ff/s and (or) maximum(""): 

Date 

July 18 ......... . 
Sept. 18 ........ . 

Minimum daily discharge, no flow for most of year. 

Time 

0300 
1520 

Oi~dlargeift>/s) 

1.900 
~3,330 

Gage height (ft) 

3.99 
~4.89 

DISCHARGE:, C'VBIC FEET PER SECOND,· WATER YEAR OCTOBER 2003 TO SEPTEMBER 2004 
DAlLY MEAN VALUES 

OAY OCT NOV OE:C SAN 

1 o.oo 0.00 0.00 0.00 
2 o.oo 0.00 0.00 0.00 

o.oo 0.00 0.00 o.oo 
o.oo 0.00 0.00 o.oo 
o.oo 0.00 0.00 o.oo 

o.oo 0.00 o.oo o.oo 
7 0.17 0.00 o.oo o.oo 

0.01 o.oo o.oo o.oo 
0.01 0.00 0.00 o.oo 

10 1.5 0.00 o.oo o.oo 

11 15 0.00 0.00 o.oo 
12 eo.oo eB2 o.oo o.oo 
13 0.00 eH 0.00 0.00 
14 o.oo 0.00 0.00 o.oo 
15 0.00 0.00 o.oo o.oo 

lG 0.00 0.00 0.00 o.oo 
17 0.00 0.00 0.00 o.oo 
18 o.oo 0.00 0.00 o.oo 
lS 0.00 o.oo 0.00 o.oo 
20 0.00 0.00 o.oo o.oo 

21 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 13 
23 0.00 0.00 0.00 3.1 
2.;; o.oo 0.00 0.00 0.82 
25 o.oo 0.00 0.00 o.oo 

26 o.oo 0.00 0.00 0.00 
27 0.00 0.00 0.00 o.oo 
28 o.oo 0.00 .00 0.00 
29 o.oo 0.00 00 o.oo 
30 o.oo 0.00 0.00 o.oo 
31 o.oo 0.00 0.00 

TOTAL 26.79 126.00 0.00 16.92 
MEAN 0.54 4.20 0.00 o.ss 
MAX 15 82 0.00 13 
MHl 0.00 0.00 0.00 0.00 
MED 0.00 0.00 o.oo o.oo 
AC-FT 33 250 0.00 3.; 
CFSM 0.00 0.00 0.00 o.oo 

FEB HAR APR 

0.00 o.oo 1.9 
0.00 o.oo 74 
0.00 0.00 5.6 
0.00 21 27 
0.00 0.00 0.21 

0.00 0.00 0.00 
0.00 o.oo o.oo 
0.00 o.oo o.oo 
0.00 o.oo o.oo 
0.00 o.oo o.oo 

0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

0.00 0.00 o.oo 
0.00 o.oo 0.00 
0.00 0.00 o.oo 
o.oo 0.00 o.oo 
0.00 0.00 o.oo 

0.00 0.00 0.00 
o.oo 0.00 0.00 
1.5 o.oo o.oo 
o.oo 0.00 0.00 
o.oo 0.00 0.00 

0.00 o.oo o.oo 
0.00 0.00 0.00 
0.00 0.00 0.00 
o.oo 0.00 o.oo 

0.00 o.oo 
2.' 

l.SO 23.60 lOS. 71 
o.os 0.76 3.62 
1.5 21 74 
o.oo 0.00 o.oo 
0.00 0.00 o.oo 
3.0 47 216 

o.oo 0.00 o.oo 

MAY 

0.00 
0.00 
0.00 
0.00 
a .oo 

0.00 
c. 00 
0.00 
o. 00 
0.00 

0.00 
0. 00 
0. 00 
0. 00 
0. 00 

0.00 
0.00 
0. 00 
0.00 
o. 00 

0.00 
0.00 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

STATISTICS OF MONT!iLY MEAN DATA FOR WATER YEARS :!.;>97 - 200.;, 3Y WATER YEA..'< (WY') 

M'-'N 
MAX 
(WY) 

MIN 
(WY) 

59 .s 

"' 2001 
0 .00 
19£>9 

SUM."'ARY STATISTICS 

Al1NIJAL TOTAL 
ANNUAL MEAN 

14.9 
as .o 
2001 
0.00 
2000 

HIGHEST ANNUAL MEAN 
LOWEST ANN"o.JAL ME!>.N 
HIGHEST DAILY ~!EAN 
LOWEST DAILY HEAN 
NmUAL SEVEN-DAY MINHIDH 
ANNUAL RUNOFF (AC-FT) 
AmiUAL RUNOFF (CFSN) 
:!.0 PERCENT EXCEEDS 
50 PERCENT EXCEEDS 
90 PE:RCRNT EXCEEDS 

e E!itimated 

0. OS 
0.19 
2002 
0. 00 
2000 

1.63 
9.23 
2001 
0. 00 
1999 

0.42 
1.24 
2003 
0.00 
2001 

FOR 2003 CALENDAR YEAR 

2393.57 
6. 56 

"' o. 00 
0. oo 

.;750 
o. 003 
0.28 
0. 00 
0. 00 

AU9 22 
Jan 1 
Jan 1 

0. 70 
2. 73 
2001 
0.00 
2002 

1."6 
3. 63 
1999 
o. 00 
2000 

0.20 
1.20 
2003 
0. 00 
1999 

FOR 2004 WATER YEAR 

1452.51 

" 
"' 0. 00 

0. 00 
2S80 

0. 002 
0.11 
o. 00 
0. 00 

Sep lB 
Oct l 
Oct 12 

.nJN .:iUL AUG SEP 

oo 0.00 0.00 0.00 
0 oo 0.00 o.oo 0.00 
o.oo o.oo 0,00 o.oo 
o.oo o.oo 0.00 so 
0.00 o.oo 0.00 162 

0,00 0.00 0.00 o.oo 
0.00 0.00 0.00 o.oo 
0.00 0.00 0.00 0,00 
0.00 0.00 0.00 0.00 
().00 o.oo 0.00 0.00 

o.oo o.oo 0.00 0.00 
0.00 o.oo 0.00 0.00 
0.00 0.00 0.08 0.00 
0.00 43 0.00 0.00 
0.00 0.00 o.oo 0.00 

0.00 0.00 0.00 0.00 
0.00 18 0.00 o.oo 
0.00 144 0.00 257 
0.00 0.64 34 79 
0.00 0.69 0 00 0.00 

0.00 0.68 CI.OO 0.00 
0.00 0.67 0.00 0.00 
o.oo .;o o.oo o.oo 
0.00 6.9 0.00 o.oo 
0.00 0.00 0.00 o.oo 

0.00 0.48 0.00 0.00 
0.00 113 0.00 0.00 
0.00 119 0.00 0.00 
0.00 87 0.00 0.00 
0.00 2.3 0.00 0.00 

0.55 0.00 

0.00 576.91 34. OS 548.00 
0.00 18.6 1.10 18.3 
0.00 J..l-4 ).;; 257 
0.00 o.oo 0.00 0.00 
0.00 o.oo 0.00 0.00 
0.00 1140 68 1090 
0.00 0.01 o.oo 0.01 

3 .17 
1s. e 
2000 
o. 00 
1999 

24 .1 
84.2 
1999 
3.77 
2001 

21.2 
49.7 
2003 
1.10 
2004 

13.0 
43 .9 
2002 
0. 00 
2001 

WATE-R YEARS 1997 2004 

12.0 
39.0 

3.97 
7360 

0. 00 
0 .oo 

S690 
0. 005 
0. 80 
0 .00 
0. 00 

Oct 23 
Jul 25 
Ju1 25 

2001 
2004 
2000 
1998 
1.998 



2004 Water Year 

Santa Cruz River Basin 
09482500 SANTA CRUZ RIVER AT TUCSON, AZ. 

Latitude: 32' 13' 16" 
Pima County 

Longitude: !!0'58'52'' 
Datum: 2317.!4 feet 

Hydrologic Unit Code: 15050301 
Drainage Area: 2222. mF 
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Monthly Statistics 
Monthly Mean of Current Water Year and Max. Mean and Min Monthjy_Mean for 1 997- 2004 
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GilA RIVER BASIN 221 
0941!6500 SANTA CRUZ RIVER AT CORTARO, AZ 

LOCATION.-Lat 32°21'04', long 111°05'38', in NWu4NWu4NW1N sec. 35. T.l2 S., R.l2 E., Pima Courlty, Hydrologic Unit 15050302, at center column of bridge pier on left bank, 0.5 mi southwest of Cortaro, 1 mi downstream from Ina Road treatment plant, 2.6 mi downstream from Canada del Oro, and 3.7 mi downstream from Rillito Creek. DRAINAGE AREA.-3.503 mi2, of which 395 mf is in Mexico. 
PERIOD OF RECORD.-Oct. 1939 to June 1947 (published as "at Rillito'}, July 1950 to Sept. 1984, Mar. to June 1990, July to Sept. 1990 (fragmental\' record}, Oct. 1990 to current year. 
REVISED RECORDS.-WSP 1283: Drainage area. 
GAGE-Water-stage recorder. Datum of gage is 2,100.00 ft, above sea level. Prior to June 30. 1947, at site 5.5 ml downstream at different datum. July B. 1950, to Jan. 20. 1966, at present site at datum 19.11 ft lower. Jan. 20, 1966, to Sept 30, 1984, at present site and datum 23.11 ft lower. Aug. 1 to Oct. 19, 1990, at.site on right bank 0.33 mi downstream from bridge at datum 30.20 h lower. Apr. 10 to May 17, 1991, at site on bridge, 200 ft toward right bank, at different datum. Supplementary water·stage recorder on downstream site on left bridge pier at datum 19.11 h lower Aug. 29, 1969, to Sspt. 30, 1984. Temporary water-stage recorder on right bank Oct. 27, 1983, to Sept. 30, 1984, at datum 20.80 ft lower. Prior to May 8 at site 300ft upstream at different datum. 
REMARKS.-Records good, except for estimated daily discharges, which are poor. Many diversions above station, mostly by pumping from ground water, for irrigation of about 34,000 acres. Waste water from irrigation and from sewage--disposal plants is included in flow past station in water years 1951, 1952. 197G--82, 1 99D-97. EXTREMES FOR PERIOD OF RECORO.-Maximum discharge, 65,000 tt3;s Oct. 2, 1983, gage height 16.57 ft from floodmark, computed by flood-routing method from Santa Cruz River at Tucson and Rillito Creek at Tucson; no natural flow for most of each year. !See REMARKS) 
EXTREMES FOR CURRENT YEAR.-Peak discharges greater than base discharge of 2.700 ft3/s and {or) maximum{*); 

Date 

Aug. 14 ......... . 
Sept 18 .......... . 

Time 

0045 
2100 

Discharge (tt3/s) Gage height (ft) 

'5.420 '9.25 
5,t60 9.19 

Minimum daily discharge, 55 ffts on Dec. 25. 

DAY 

7 

n 
12 
13 

" 15 

" 17 

" " " 
" " " " 25 

" 27 

" " " 31 

TOTAL 
HEAN 
MAX 
M!ll 

DCT 

5G 

" " " '" 
'" 65 

" " 153 

" " " " " 
72 
70 
72 
64 

" 
" " 70 

" 65 

" 67 

" " " 70 

2:!.3.9 
6.9.0 

56 
4.240 
0. 02 

NOV 

" " 70 

" " 
76 

" " " " 
71 

118 

"' 7< 
75 

70 

" 70 

" " 
7< 
70 

" " " 
" 75 

" " 71 

2554 
85.5 

"' 
50.90 
0. 02 

D!SC!!ARGE, CtJBIC FEET PER SECOND, WATER YEA.'< OCT03ER 2003 TO SEPTEt~SER 2004 
DAILY V.EAN VALUES 

DEC 

70 

" " " " 
" 65 

" 65 
64 

" " " " " 
" " " " " 
" " " " 55 

" " " 70 

" 71 

2Cl5o:l 
56.3 

71 
55 

4070 
0. 02 

" "' " " "' 
" " " " " 
" " S3 
75 

" 
"' " " " S3 

"' 
" 85 
76 

" " " " " " 
2562 
82.6 

" 5080 
0. 02 

FEB 

"' " " " "' 
" "' 
" " " 
75 

" "' " " 
"' 75 

" 77 
75 

" " aa 

" " 
" " " " 

2316 
79 . .9 

" " 4590 
0. 02 

"' "' " 215 
153 

149 
150 

"' 156 

" 
77 

" 78 

" 75 

" " 77 
77 
75 

" 76 

" " " 
77 

" " " 70 
71 

2954 
95.3 

"' " 586'0 
0. 03 

7< 
151 
117 
112 

" 
" " " " " 
77 
76 

" 75 

" 
75 
7S 

" " 7< 

75 
76 
77 
76 
77 

" 75 

" 73 
76 

2449 
81.5 
151 

" 4850 
o. 02 

HAY 

n 

" " " " 
" " " n 
70 

" " 75 
71 

" 
" 75 

" " " 
75 

" " " " 
" " " " " " 

22()9 
71.3 

" " 4380 
0.02 

67 

" 70 

" " 
60 

" " 63 
63 

63 

" " " " 
" e63 

'" '" "" 
'" " 67 

70 
70 

n 

" " " " 
1936' 
64.5 

71 

" 3840 
0 .02 

JUL 

" 65 

" 61 
61 

65 

" " " 65 

" 67 
67 

" " 
" " "' 117 

" 
" 71 
85 

" '" "' 148 

" " 
2772 
89.4 

"' 
5500 
0.03 

AUO 

" " 70 
n 
75 

m 

" " " " 
" " 500 

"' " 
" " " 107 

" 
" " " " " 
7S 

" " 73 

" " 
3238 
3o< 
517 

" 6-\120 
o. 03 

SEP 

78 

" 81 
119 
191 

75 
75 

" 73 

" 
" " Sl 

" " 
78 

" 776 
357 

" 
77 

" 73 

" ,. 
73 

" 71 

" " 
H27 
11< 
776 

71 
5800 
0. 03 

STATISTICS OF ~IOt."T!iLY MEAN DATA FOR WATER YEARS 1940 - 2004, !!Y \'tATER Yt!A.'l. (WY) 

"'"' MAX 
{h'Y) 

M!N 
{Wi') 

51.5 

'" 197S 
0. 00 
1940 

.St!MMARY STATISTICS 

ANNUAL TOTAL 
ANNUAL HEAN 

32.2 

2001 
0.00 
1.943 

HIGHEST ANNUAL MEAN 
LO;..tEST ANNUAL NEAN 
l!IGlffiST DAILY MEA.~ 
LOWEST DAILY MEAN 
ANUUAL SEVEN-DAY MINIMUM 
ANNUAL RUNOFF {AC- FT) 
ANUUAL RUNOFF (CFSM) 
10 PERCENT EXCEEDS 
SO PERCENT EXCEEDS 
90 PERCE.'NT EXCEEDS 

e Estimated 

81.5 
1044 
1979 
0.00 
1943 

99.0 
2485 
1993 
o.oo 
1943 

49.3 
m 

1995 
a. oo 
1943 

:;-OR 2003 CALENDAR YEAR 

34553 
.94 7 

1870 ·Aug 25 
55 Dec 25 
61 Sep 30 

68540 
0.027 

42.0 
. 496 
1.978 
0. 00 
1S40 

22.6 
lo< 

1998 
o. oo 
1940 

21.1 
71.3 
2004 
0.00 
1940 

;:"OR 2004 WATER YSA."t 

30G20 
83.7 

775 Sep 16 
sS Dec 25 
52 Jun 6 

60730 
0. 024 

" 73 

" 

22.4 
so;;. 9 
2000 
0. 00 
1941 

76'. 7 

:!.954 
1. 6'9 
1950 

138 
868 

1955 
1. 97 
1962 

62.1 
358 

1964 
0.00 
1953 

WATER YEARS 1940 2004 

57.5 
262 1993 

2.59 1956 
40000 Oet 19S3 

0.00 Oct 193.9 
o . .00 Oct 1 1939 

41630 
0. 016 

73 
18 
o. co 



2004 Water Year 

Santa Cruz River Basin 
09486500 SANTA CRUZ RIVER AT CORTARO, AZ. 

Latitude: 3z' 21 ' 04" 
Pima County 

Longitude: 111°05 '38" 
Datum: 2100.00 feet 

Hydrologic Unit Code: 15050302 
Drainage Area: 3503. mF 
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Daily Mean Discharge 
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Monthly Statistics 
Monthlv Mean of Current Water Year and Max. Mean. and Min Monthlv Mean for 1940- 2004 ;§' 2500. 

0:. 
2000. ;: 

0 1500. z;:: 
E 1000. 

l l 
"' l i!! 500. 

l l 
Iii ...t.. ..L 0. 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
300. 

Annual Mean Streamflow 

" 250. ~ 
;: 200. 
0 150. z;:: 
E 100. 
"' i!! 50. 
li) 0. 

0 ,_ 
" ;;; "' "' "' "' "' "' " .,. 
"' "' ,_ 

"' "' "' 0 "' "' ~ "' "' "' "' "' "' 0 ~ ~ 
~ ~ ~ "' 

400. 
Annual Days of Zero Flow 

w ,., 
ro 300. 

II I 
Cl 
;: 

200. I 0 u: 
E 100. • 

l N 
0. 

0 ,_ 
" ~ "' "' N "' "' "' 

.,. 
" "' "' "' ,_ 

"' "' "' 0 "' "' "' "' "' "' "' "' "' 0 ~ ~ ~ 

"' 
80000. 

Annual Peak Streamflow 

~ 60000. 
;: 
.£ 40000 . 
E 

20000. ro 
i!! 
li) 

0. 
0 ,_ 

" ~ "' "' "' "' "' "' 
.,. 

""' "' "' "' ,_ 
"' "' "' 0 "' "' "' "' "' "' "' "' "' 0 ~ 

~ 

"' 



GILA RIVER BASIN 223 
094S6520 SANTA CRUZ RIVER AT TRICO ROAD, NEAR MARANA, AZ 

LOCATION.--Lat 32~28'17', long 111°18'25', in NE11~SEu~. sec. 15, T.11 S., R.10 E., in Pima County, Hydrologic Unit 15050303, on right bank 750ft upstream from irico Road bridge, 5 mi west of Marana, and 24 mi northwest of Tucson. 
DRAINAGE AREA.-3,641 mi2. 
PERIOD OF RECORD.-Apr. 1989 to current year. 
GAGE.-Water-stage recorder. Elevation of gage is 1,910 ft above sea level, from topographic map. 
REMARKS.-Records good except for estimated daily discharges, which are poor. Base flow is effluent from combined municipal sewage treatment plants at Ina Road, 17.6 mi upstream and Roger Rd .. 20 mi upstream. 
EXTREMES FOR PERIOD OF RECORD.-Maximum mean daily discharge, 15,000 fi3!s Jan. 19, 1993; no flow for many days some years. 
EXTREMES FOR CURRENT YEAR.-Peak d'1scharges greater than base discharge of 2,700 ft3/s and (or) maximum ('•): 

Date lime Discharge {ft3/s) Gage height (ft! 

Aug. 14 ........ .. 0730 "1.7BO ~7.28 

Minimum daily discharge, 20 ft?/s, Oct 15. 

DAY 

1 
2 

' 

11 

" B 

" " 
16 
17 
18 
19 
20 

" " " 

" " " " " 31 

TOTAL 
MEAN 
MAX 
MIN 
i\C-FT 

OCT 

" " " " " 
30 

" " " "' 
57 

" 43 
39 

" 
25 

" " 30 

" 
35 

" 31 

" 30 

25 

" 40 
32 
34 
40 

1086 
35.0 

102 

2150 

NOV 

31 
33 

" " " 
" 35 .. 
" 57 

" " 119 

" " 
47 
53 
51 

" " 
53 

" " 52 

" 
39 

" " " " 
16'59 
SS.3 

319 
31 

32!30 

DISCHARGE, COBIC FEET PER SECOIID, WATER YEAR OCTOBER 2003 TO SEPTEMBER 2004 
DAILY 11EJ\N VA!.UE:S 

'" 
" 31 
31 
30 

" 
30 
33 

" " 33 

" " " " " 
" " " " " 
" " " " " 
" " " " " " 

1229 
39 .6' 

" " 2440 

" 56 
60 
55. 

" 
" " 51 

" " 
51 

" " " " 
51 
56 

" 60 

" 
" " " 53 
53 

58 
53 

" " 58 
51 

1743 
Sb.2 

" " 3460 

FEB 

" " " 60 

" 
5l 
51 

" " " 
" 51 
50 

" " 
" 

" 45 

" " " 
" " 55 

" 
1444 
49.8 

" 
2Sb0 

57 
55 

" " 91 

51 

" " " 50 

" " 33 

" " 
31 

" " " " 
" " 32 

" " " 
1749 
S6'.4 

15< 

" 3470 

" " 114 

" 91 

" 5< 
45 
5< 
50 

.. 
" 37 
43 

42 
39 
34 
54 

" 
" " " " 45 

5l 

" " " 47 

1S24 
so. 8 
11< 

34 
3020 

"" 
35 
34 

" " 33 

33 

" 31 
33 
34 

" 35 
37 
39 

" 
" 43 

" 31 

" 
" " " 31 

" 
" " 31 

" " " 
1006' 
32 .s 

<3 

" 2000 

JUN 

" 27 

" " 25 

" " " " " 
32 
25 
27 
27 

" 
25 

" 20 

" 25 

" 25 

" 20 
32 

27 
29 
2B 
25 
25 

B14 
27.1 

32 

1610 

25 

" 
24 
22 

2B 
24 

" " 2B 

27 

" 35 
55 

" 
" 45 

111 

" " 
" <4 .. 

104 

" 
" w 

m 
171 

51 
42 

16'89 
54.5 
m 

33SO 

AUG 

42 
51 

" " " 
93 
5B 

" 51 

" ., 
" " "' 
53 
54 
55 
77 
55 

42 
45 
51 

" 43 

" " J7 

" 45 

" 
2.129 
6'8. 7 

"' J7 
4220 

SEe 

" OS 

" 5l 

" 
" 45 
54 

" " 
" " 71 

432 
OS 

" 51 ., 
H 
35 

39 

" " 42 

" 
1983 
b6 .1 

"' 35 
3930 

STATISTICS OF MONTHLY ~lEAN DATA FOR HATER YEARS 1990 - 2004, BY WATER YEAR (WY) 

MEAN 
MAX 
(I<.'Y) 
Mm 
(WY) 

37.6' 
337 

2001 
0. 00 
1996 

SUl1.'1ARY STATISTICS 

AmJUAL TOTAL 
A!fNUAL MEAN 

2G. 7 
73.0 
2001 
1. 76' 
1996 

HIGHEST ANNUAL MEAN 
LOWEST ANNlJAL ~lEAN 
HIGHEST DAILY NE:AN 
LOWEST DAILY MEAN 
AmlUAL SEVE'N-DAY Mil!INUM 
At1NtiAL RUNOFF (AC-F'l') 
10 PERCENT EXCEEDS 
SO PERCENT EXCEEDS 
90 PERCENT EXCEEDS 

36. 6' 
157 

l!l!lS 
3 .S3 
2001 

"' 1S09 
1993 
9. 6'0 
1992 

6'1.1 
294 

1996 
0. 00 
2993 

FOR 2003 CALENDAR YEAR 

1S90S 
43. G 

1210 
11 
13 

31550 

" " 19 

Aug 27 
Ju1 
Ju1 

2B .5 
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Santa Cruz River Basin 

09486520 SANTA CRUZ RIVER AT TRICO ROAD, NR MARANA, AZ. 
Latitude: 32° 28 ' 17" 
Pima County 

Longitude: 111°18 '25'' 
Datum: 1910. feet 

Hydrologic Unit Code: 15050303 
Drainage Area: 3641. mF 
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Discharge ratings are updated periodically for active streamflow-gaging stations after a signiilcant change in the stage-discharge relation has occurred. Because of the nature of the controls, the stability and duration of these ratings vlll}' significa.-1tly from station to station. Generally the stage-discharge relation is less stable at the lower stages than it is at the higher stages. Sensitivity and unstable conditions at lower flows may require that discharge ratings be revised more frequently to account for these control changes. The rating tables in this report have taken this component into account and have been limited to the upper portions of the rating table that are more stable. Over time, many of the discharge rating tables for the streamflow-gaging stations will be superseded, and users of these data should contact ihe local office of the USGS to con:firm the validity oft':!e ratings. 

EXPLANATION OF STATISTICAL SUMMARIES 
Statistical summaries and associated plots for the 320 streamflow-gaging stations include statistics for mean monthly and annual discharge; magnitude and probability of annual high and low flows; magnitude and probability of instantaneous peak flows; and daily mean-flow du,"ation and basin and climatic cha..--acteristics. Graphs and box plots represent annual peak discharge, annual mean discharge, arid mean monthly and mean annual discharges respectively. Each station description and table heading identifies the period of record for which the statistical summaries are based. For continuous-record strearrJlow-gaging stations, the statistical summaries of streamflow are calculated from the daily mean values, and flood~frequency calculations are based on the instantaneous peak flows. Summaries for peak-flow partial-record stations only include the flood-frequency and recurrence-interval statistics. Monthly and annual flow.-Mean monthly and annual discharge statistics include the minimum and maximum discharges, mean monthly and annual discharge, the standard deviation of the mean, coefficient of variation, and the percentage of average annual runoff for each month. The minimum and maxinlum mean monthly discharges are the minimum and maximum flow values of all the mean monthly values for that particular month. The coefficient of variation represents the ratio of the standard deviation to the mean. The percentage of the annual discharge runoff is the percent of the total annual runoff that occurred during each month. Except for low-flow magnitude and probability statistics, annual flows are calculated on the basis of data obtained during a water year. Boxplots graphically summarize the charapteristics of mean monthly and annual discharges and can be used to easily compare data sets. Boxplots were constructed for continuous-record stations and display (1) the median or center of the data, (2) variation ofthe data, and (3) skewness of the data (fig. 6). The boxplot in figure 6 summarizes the March mean discharges for the period of record at the streamflow-gaging station Blue River near Clifton (table 1). The column ofdatanextto the boxplotin figure 6 is included to show how the data are distributed graphically. 

Boxplots are constructed by computing the lOth, 25th, 50th, 75th, and 90th percentiles of the data. The percentile value represents the discharge which exceeds no more than the speciiled percent of the data. For example, the lOth percentile value·is that discharge which exceeds no more than 10 percent of the data. The bottom and top of the box are defined by the 25th and 75 percentile values, respectively. The vertical lines, called whiskers (Tukey, 1977), extend from the ends of the box to the 1Oth and 90th percentile values. The 50th percentile value, referred to as the median, defines the line drawn within the box. In the example, the lOth, 25th, 50th, 75th, and 90th percentile values are 13.9, 35.9, 105.6, 314.3, and 429.3 cubic feet per second, respectively. 
Flow magnitude and probabifity.--Computations for flow magnitudes and probability statistics are based on the log-Pearson Type III frequency distribution and provide the necessary data to plot standard flow-frequency curves. Magnitude and probability tables for annual low flow Jist the maximum and minimum average discharge for periods of l, 3, 7, 14, 30, 60, 90, 120, and 183 consecutive days that correspond to selected recurrence intervals of 2, 5, 10, 20, 50, and 100 years associated with annual nonexceedence probabilities of 50, 20, 10, 5, 2, and 1 percent. Recurrence intervals represent the average 
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Figure 6. Explanation. of boxplots. The values described by the boxplot in. this explanation are the March mean 
discharges for the penod of record at streamflow gaging station 09442000, Blue River near Clifton. 



length of time between annual minimum mean flows that are less than the stated magnitude of flow. N onexceedence probability, expressed as a percentage, is the probability that the annual maximum and minimum mean flow will be less in any given year than the stated magnitude. Annual low-flow probabilities are computed on discharge values obtained during the climatic year. 
Magnitude and probability tables for annual high flow list the maximum average discharge for periods of 1, 3, 7, 15, 30, 60, and 90 consecutive days that correspond to selective recurrence intervals of2, 5, 10, 25, 50, and 100 years associated with annual exceedance probabilities of 50, 20, 10, 4, 2, and 1 percent. Recurrence intervals represent the average length of time between annual maximum mean flows that are equal to or greater than the stated magnitude of flow. Exceedance probability, expressed as a percentage, is the probability that the annual maximum mean flow will be equal or greater in any given year than the stated magnitude. Annual high-flow probabilities are computed on discharge values obtained during the water year. 

Flood frequency.-Flood-frequency relations and tabulations provide the necessary data to plot standard flood-frequency curves that are based on log-Pearson Type III frequency distribution, as recommended in the Water Resources Council Guidelines for determining fioodflow frequency (Interagency Advisory Committee on Water Data, 1982). These data were calculated for streamflow-gaging stations on unregulated or partly regulated streams. Partly regulated streams are those in which flow is regulated or diverted to an unknown degree. 
Flow duration.-· Flow duration of daily mean discharge, expressed in percentage of time, are speciiied daily flows that were equaled or exceeded during the period of record. The tabulations show the discharges that were equaled or exceeded for a given percentage of time in 1, 5! 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 95, 98, 99, 99.5, and 99.9 percentiles. These data can be used to plot a standard flow-duration curve. 

Discharge.-Annual peale discharge, mean monthly discharge and mean annual discharge are shown for all continuous-recording gaging stations. Annual peale discharges are included for peak-flow partial-record gaging stations. 
Significant figures and rounding /imits.-The number of significant figures used for reporting discharge in this report is based on the magnitude of the value and is not based on the accuracy of the data. Rounding criteria are used for reporting monthly and annual mean clischarge, flow-duration, and probability values for individual streamflow-gaging stations (table 2). 

Table 2. Significant figures and rounding limits used for reporting monthly and annual mean discharge and probable discharge 
[ <, less than; ~. equal to or greater than] 

Range in 
discharge, 

in cubic feet 
per second 

Significant 
figures Rounding limits 

Monthly and annual mean discharge 
<0.010 

0.010-0.099 
0.10.().99 
1.00-9.99 
10.0-99.9 
100-999 
;,],000 

I Thousandths 
2 Thousandths 
2 Hundredths 
3 Hundredths 
3 Tenths 
3 Units 
4 Variable 

Range in 
discharge, 

in cubic feet Significant 
per second figures Rounding limits 

Probable discharge 
<0.10 1 Hundredths 

0.10-0.99 2 Hundredths 
1.0-9.9 2 Tenths 
10-99 2 Units 
;,too 3 Variable 

1! 
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GILA RIVER BASIN 413 

09482000 SANTA CRUZ RIVER AT CONTINENTAL, AZ 

CATION.--Lat 31'52'17", long 110'58'46", in SE1i,SE1i, sec.ll, T.l8 S., R.13 E. (unsurveyed), Pima County, Hydrologic Unit 15050301, in 

Spanish land grant of San Ignacio de la Canoa, on right bank 0.8 mi northeast of Green Valley Post Office, and 1.5 mi north of Continental. 

prior to Feb. 13, 1981, at site 1.5 mi upstream. 
A!NAGE AREA.--1,682 rni2, revised, of which 395 rni2 is in Mexico. 

R]OD OF RECORD.--May 1940 to December 1946, October 1951 to September 1985, October 1991 to current year (monthly discharge only 

for 1985-86), (crest-stage partial record station for 1987-1990). Low-flow records not equivalent prior to Feb. 13, 1981, due to undetermined 

amount of underflow between sites. 
VISED RECORDS.--WSP 1283: Drainage area. 

~GEr Water-stage recorder and crest-stage gages. Datum of gage is 2,806.61 ft above sea level. Prior to Feb. 13, 1981, at site 1.5 mi upstream. 

July 21, 1940 to Sept. 8, 1965 at datum 17.28 ft higher; Sept. 8, 1965 to present at datum 13.21 ft higher. Old site used as supplementary gage 

until Oct. 29, 1985. -· 
;MA.RKS.--Records poor. Irrigation above station of about 12,500 acres including about2,300 acres in Mexico, mostly by pumping from ground 

water. 
'ERAGED!SCHARGE.--46 years, 27.1 ftlts, 19,630 acre-ftlyr; median ofyeatly mean discharges, 9.5 ftlts, 6,900 acre-ftlyr. 

:TREMES FOR PERIOD OF RECORD.--Maximum discharge, 45,000 ftl/s Oct. 2, 1983, gage height, 16.34 ft from rating curve extended above 

530 ft3/s on basis of float-area measurement at gage height 7. 75 ft arid slope-area measurement of peak flow, maxirnum gage h~ight 16,70 ft 

Oct. 9, 1977, site and datum then in use; no flow for most of each year, 

Annual peak discharges 

Water 
Annual peak Discharge Water 

Annual peak 
Discharge 

Date discharge Date discharge 
year (ft3/s) 

codes year (ft3/s) 
codes 

1940 08-14-40 12,100 1971 08-20-71 3,270 

1941 08-09-41 3,670 1972 07-14-72 3,290 

1942 07-28-42 2,700 1973 03-14-73 2,130 

1943 08-01-43 4,000 1974 09-03-74 3,450 

1944 08-12-44 4,440 1975 09-01-75 3,350 

1945 08-09-45 7,820 1976 07-12-76 3,800 

1946 09-09-46 4,120 1977 07-18-77 3,290 

1947 10-01-46 5,330 1978 10-09-77 26,500 

1952 08-15-52 1,820 1979 12-18-78 16,000 

1953 07-14-53 4,910 1980 08-25-80 2,360 

1954 08-05-54 14,600 1981 09-05-81 3,350 

1955 08-19-55 17,500 1982 08-15-82 2,160 

1956 07-29-56 3,090 1983 02-04-83 4,800 

1957 08-21-57 1,690 1984 10-02-83 145,000 

1958 08-05-58 5,620 1985 12-28-84 11,600 

1959 08-17-59 3,900 1986 07-16-86 840 

!960 01-12-60 3,740 1987 08-05-87 340 

196! 08-23-61 4,820 1988 07-28-88 930 

1962 01-25-62 2,480 1989 09-03-89 1,200 

1963 08-06-63 4,220 1990 10-05-89 1,790 

1964 09-10-64 14,000 1991 09-01-91 1,270 

1965 09-12-65 370 1992 08-24-92 4,120 

1966 12-23-65 5,990 1993 01-19-93 32,400 

1967 07-27~67 3,730 1994 08-22-94 707 

1968 12-20-67 18,000 1995 01-06-95 2,350 

1969 08-.05-69 1,680 1996 09-03-96 1,520 

1970 07-20-70 3,720 
1 Highest since 1892. 
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Main Stream channel 
length slope 
(mi) (ft/mi) 

21.0 99.2 

GILA RIVER BASIN 

09482000 SANTA CRUZ RIVER AT CONTINENTAL, AZ--Continued 

Discharge rating table developed January 1993 

Gage height Discharge Gage height Discharge 
(ft) (ft3/s) (ft) (1!3/s) 
2.5 57 9.0 7,130 
3.0 147 10.0 9,910 
4.0 460 11.0 13,300 
5.0 1,030 12.0 17,360 
6.0 1,920 13.0 22,140 
7.0 3,190 14.0 27,700 
8.0 4,910 14.7 32,070 

Basin characteristics 

Mean 
Forested Mean 

basin Soil annual area elevation 
(percent) index precipitation 

(ft) (in) 

4,350 22.0 2.0 18.1 

Rainfall intensity, 24-hour · 

2-year 50-year 
(in) (in) 

2.1 4.3 
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GILA RIVER BASIN 

09482000 SANTA CRUZ RIVER AT CONTINENTAL, AZ--Continued 

MEAN MONTHLY AND ANN"UAL DISCHARGES 194l·46, 1952·85, 1992-95 

STAN· 
DARD COEFFI· PERCENT 

Di!.VIA· C!EN'I' OF OF MAXJ:MUM MINIMUM MEW TION VARI· ANNUAL MONTH (FT3/S) (FT3/S) (FT3/S) (i'T3/S) .AT ION RUNOFF --·······················--····-·--··---·-·················-
OCTOBER 1,530 o.oo 53 25I 4.8 
NOVEHBER "' 0.00 3 .3 20 5.1 DECEMBER '" o.oo 47 lHi 3.l 
JANUARY 1,390 o.oo " 223 4. 0 
fEBRUARY 207 o.oo 18 " 2. 7 
MARCH 181 o.oo l2 37 l.2 .APRIL 32 0. 00 o. 72 4.7 '.5 
MAY l.l o.oo 0 .03 0.20 '·' JUNE 6.2 0.00 0. 34 l.2 '·' JULY 227 0.00 J2 " 1.4 AUGUST 75J 0.00 " I60 l.B 
SEPTEMBER 285 0 .00 20 45 '·' 
/\NNt)AL 206 0.26 " " I. 5 

~tAGN!TUDE AND PROBABILITY OF INSTANTANEOUS PEAK FW>'J a:.SED ON PERIOD OF RECORD 1940-.n, 1952·96 

16.1 
l. 0 

14 .3 
17.1 
5.4 

'.' 0. 2 
0.0 
O.l 
9.9 

26.3 
6. I 

roo 

DISCHARGE, IN FT3/S, FOR INDICATED RECURRENCE INTERVAL IN YEARS, AND EXC:E:EDANCE PROBABILITY, IN PERCENT 

2 

"' '" 
lO 

"' 
25 

" 
50 

" 
100 

" 
3 ,sao 7,980 12,800 22,000 32,000 45,400 

NE!GHTED SKEW 
MEAN 
STANDARD DEV. 

(LOGS)= 
{LOGS)= 
fLOGS)= 

0.59 
3.59 
0.39 

~iAGNITUDE AND PROBABILITY OF ANNUAL !.OW FLO!~ BASED ON PERIOD OF RECORD 1942·46, 1953·85, 1993·96 

PERIOD 
{CON· 
SECU· 
TIVE 
DAYS) 

2 
50% 

DISCHARGE, IN FT3/S, FOR INDICATED 
RECURRENCE INTERVAL, IN YEARS, AND 

NON-EXCEEDANCE PROBABILITY, IN PERCENT 

5 
20% 

10# 

"' 
20# 

" 
SO~j: 

" 
100\t
l% ·····--······-········--······························· 

l 
l 
7 

J4 

" 60 

" o.oo o. 00 0.00 0. 00 0.00 0 .oo 120 0. 00 0. 00 0. 00 0. 00 o. 00 o.oo 183 O.H o. 00 0. 00 0. 00 0 .00 o.oo ............. ------- ... ----------- ....... -.- ... ---- .. -. 

~1AGN'ITUDE AND PROBABILITY Of ANI>'UAL HIGH FLO~l BASED ON PERIOD OF RECORD 1941·46, 1952-85, 1992·96 

PERIOD 
{CON· 
SECU· 
TIVll 
DAYS) 

2 
50% 

DISCHARGE, IN FT3/S, FOR INDICATED 
RECIJRRENCE INTERVAL, IN YEARS, AND 
EXCEEDANCE PROBABILITY, IN PERCENT 

"' 
10# 

"' 
25# 

" 
50# 

" 
100-;j. 

" ............. ···--· ------------ .......... ---- .. ----- ... 
I l. 000 3,260 6,180 12,400 19,700 30,000 

' 518 1,750 3. 390 6,920 11,100 17,000 7 270 920 1, 780 3, 640 5, 830 8,950 l5 159 53J 1, 010 2, 010 3,150 4, 730 lO lOS J32 598 1,110 1, 640 2,320 60 " "' "' '" "' 1,300 

" " "' '" "' "' 902 .. -... -- ...... --- -- .. -- ... ---- .. --. -- -- . -- .. -.. -- --- ... 

DURATION TABLE OF DAILY !·lEAN FLOl1 FOR PERIOD OF RECORD 1941-46, 1952-95, 1992·96 

DISCF.ARGE, IN FT3/S, ~IHICH l1AS EQUALED OR EXCEEDED FOR INDICATED PERCENT OF TIME 

"' "' "' '" '" 50% "' "' '" 95% "' '" 99.5\ 99.9% 

'" 2. 9 0.00 o. 00 o.oo 0.00 o.oo 0.00 O.H O.H 0.00 0.00 0.00 0.00 0 .oo o. 00 

# Reliability of va1ue.s in column is uncertain, and potential erro=s are large. 
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GILA RIVER BASIN 417 

09482000 SANTA CRUZ RlVER AT CONTINENTAL, AZ--Continued 
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434 GILA RIVER BASIN 

09482500 SANTA CRUZ RIVER AT TUCSON, AZ 

LOCATION.--Lat 32'13'19", long ll0'58'52", in SE1/4SE1/4 sec.]], T.l4 S., R.13 E., Pima County, Hydrologic Unit 15050301, on right bank,: 
ft downstream from Congress Street Bridge, in Tucson. 

DRAINAGE AREA.--2,222 mi2, of which 395 mi2 is in Mexico, adjusted for 15.2 mi2 of Tucson Arroyo drainage area contributing to this stati 
effective July 1956. 

PERIOD OF RECORD.--October 1905 to September 1981 (monthly discharge only, January 1907 to September 1912, January to Septeml 
1914), June 1986 to September 1995 (discharge above 500 ft3/s only), October 1995 to September 1996. 

REVISED RECORDS.--WSP 859: 1915(M). WSP 1283: Drainage area. WSP 1313: 1939(M). WDR AZ-88-1: 1986-87(M). 
GAGE.--Water-stage recorder and crest-stage gage. Datum of gage is 2,320.68 ft above sea level. Prior to Nov. 27, 1929, nonrecording gages 

reference points for measuring to water surface at various places on Congress Street bridge at various datums. Nov. 27, 1929 to Sept. 3 
1981, water-stage recorder at Congress Street bridge: at datum 6.22 ft higher Nov. 27, 1929 to June 18, 1958; at datum 2.22 ft higher Ju1 18, 1958 to May 21, 1963; at datum 3.48 ft lower May 21, 1963 to Oct. 27, 1970; at datum 2.86 ft lower Oct. I, 1971 to Sept. 30, 198!. ~ 

-gage Oct. 27, 1970 to Oct. I, 1971, and Oct. 10, 1977, to'Feb. 14, 1978. 
REMARKS.--Records fair. Inigation above station of about 26,000 acres, including about 2,300 acres in Mexico, mostly by pumping from grour 

water. Ground water is also pumped above the station for municipal supply and mining. From October 1969 to September 1981, all flow pa 
station was published, including waste water when known. 

AVERAGE D!SCHARGE.--77 years (water years 1906-81, 1996), 22.5 ft'!s, 16,300 acre-ft/yr; median of yearly mean discharges, 13 tt'is, 9,40 
acre-fr/yr. 

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 37,400 fr3/sJan. 19, 1993, gage height, 11.67 ft; no flow for most of each yea 
EXTREMES OUTSIDE PERIOD OF RECORD.--Maximum discharge since at least 1892, 52,700 ft'!s, from slope-area measurement of pea 

flow, Oct. 2, 1983; gage height, 22.2 ft, from floodmark, at site and datum used in 1981. 
Maximum discharge during the 1985 water year was 10,000 ft'ls Dec. 28, 1984; gage height, 12.5 ft, at site and datum used in 1981. 
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Water 
year 

1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938. 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 

1Highest since 1905. 
2Highest since 1892. 

Date 

12-23-14 
01-20-16 
09-08-17 
08-07-18 
08-02-19 
08-09-20 
08-01-21 
07-20-22 
08-17-23 
11-17-23 
09-18-25 
09-28-26 
09-07-27 
08-01-28 
09-24-29 
08-07-30 
08-10-31 
07-30-32 
08-21-33 
08-23-34 
09-01-35 
07-26-36 
07-10-37 
08-05-38 
08-03-39 
08-14-40 
08-14-41 
08-09-42 
08-02-43 
08-16-44 
08,10-45 
08-04-46 
10-01-46 
08-16-48 
08-08-49 
07-30-50 
08-02-51 
08-16-52 
07-15,53 
07-24-54 
08-03-55 

GILA RIVER BASIN 

09482500 SANTA CRUZ RIVERATTUCSON, AZ--Continued 

Annual peak 
discharge 

(113/s) 

115,000 
5,000 
7,500 
4,900 
4,700 
1,950 
4,000 
2,000 
1,900 
2,050 
3,400 

!1,400 
1,950 
1,600 

10,400 
1,770 
9,200 
4,200 
6,100 
6,000 

10,300 
5,400 
3,280 
9,000 
8,000 

1!,300 
2,490 
1,670 
4,510 
6,530 

10,800 
4,260 
2,960 
3,860 
3,800 
9,490 
5,020 
3,820 
5,900 
9,570 

10,900 

Annual peak discharges 

Discharge 
codes 

Water 
year 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

Date 

07-29-56 
08-31-57 
07-29-58 
08-20-59 
08-10-60 
08-23-61 
09-26-62 
08-26-63 
09-10-64 
07-16-65 
08-19-66 
07-17-67 
12-20-67 
08-06-69 
07-20-70 
08-17-71 
07-15-72 
10-19-72 
07-08-74 
07-12-75 
09-25-76 
08-15-77 
10-10-77 
12-19-78 
08-13-80 
07-27-81 
00-00-82 
00-00-83 
10-02-83 
12-28-84 
07-21-86 
08-02-87 
08-23-88 
10-20-88 
07-24-90 
08-09-91 
08-06-92 
01-19-93 
07-28-94 
02-16-95 
09-03-97 

Annual peak 
discharge 

(Jt3/s) 

2,610 
3,050 
6,350 
4,420 
6,140 

16,600. 
4,980 
4,670 

13,000 
1,190 
5,500 
5,860 

16,100 
8,710 
8,530 
8,000 
3,470 
4,710 
7,930. 
2,480 
7,100 
2,660 

23,700 
13,500 
2,760 
2,700 

10,000 
7,000 

252,700 
10,000 

1,920 
1,500 

10,700 
2,960 
9,430 
2,130 
5,970 

37,400 
4,890 

576 
9,370 

Discharge 
codes 

HP 
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Main 
Stream channel 
length slope 

{fUmi) (mi) 

20.1 128 

GILA RIVER BASIN 

09482500 SANTA CRUZ RJVER AT TUCSON, AZ--Continued 

Discharge rating table developed October 1992 

Gage height 
(fl) 

2.0 
2.5 
3.0 
4.0 
5.0 
6.0 

Mean 
basin 

elevation 
(ft) 

4,050 

Discharge 
(ft3/s) 

73 
263 
570 

1,700 
3,550 
6,100 

Gage height 
(ft) 

7.0 
8.0 
9.0 

10.0 
1!.0 
12.0 

Basin characteristics 

Forested 
Soil area 

index (percent) 

17.0 2.0 

Discharge 
(ft3/s) 

9,600 
14,000 
19,400 
25,000 
32,500 
40,000 

Mean 
annual 

precipitation 
an) 

16.9 

Rainfall intensity, 24-hour 

2-year 50-year 
(in) (in) 

2.1 4.2 



GILA RIVER BASIN 

09482500 SANTA CRUZ RIVER AT TUCSON, AZ--Continued 

JeAN MONTHLY AND ANNUAL DIS"CSARGES l90ti, 1913, 1915·81, 1996 

STAN· 
DARD COEFPI- PERCENT 

DEV!A· CIENT OF 0' 
MAXIMUM MINIMUM MEAN 'I'! ON VAR!- ANNUAL 

MONTH (FT3/S) (FT3/S) (FTJ/5) (FTJ/5} AT ION RUNOFF ··················---········---···-----······---------·· 
OCTOBER "' 0. 00 ,. 

" '. 0 . ·' NOVEMBER 215 o. 00 6.5 " .., 
2 ·' DECEMBER 895 0.00 " 145 '.1 13.0 

JANUARY 518 0. 00 21 81 '.s 7 .s 
FEBRUARY "' o.oo 11 37 3.3 4.1 
MARCH 102 0. 00 •. s 17 '·' 1. B 
APRIL 1.7 0. 00 0.10 0.28 '. 7 0. 0 
MAY" "' 0.00 0. 09 0.34 '·' 0.0 
JUNE " 0. 00 1.4 .., 3.2 o. 5 
JULY "' 0.00 51 71 1.4 18,8 
AUGUST 682 0. 00 " 114 1.2 34-4 
SEPTEMBER 312 0. 00 " " 1. a 12.3 

ANNUAL 112 1.3 " " 1. 0 100 ...... ---.- ....... -........ -............ -- ... -- ........ -.... 

MAGl><"'TUDE AND PROBABILITY OF INSTANTANEOUS PEAK FLOW 
BASED ON PERIOD OF RECORD 1915·81, 1984·96 

DISCHARGE, IN FT3/S, FOR INDICATED RECURRENCE INTERVAL 
IN YEARS, AND EXCEEDANCE PROBABILITY, IN PERCENT 

2 
50\ 

5 
20\ 

10 

"' 
25 

" 
50 

" 
100 

" 
5,110 9,720 13,800 20,300 26,300 33,300 

WEIGHTED SKEW (LOGS)= 0. 22 
MEAN (LOGS)= 3.72 
STANDARD OEV. {LOGS)= 0.32 

MAGNITUDE AND PROBABILITY OF ANNUAL LOW PLOW 
BASED ON PERIOD OF R.ECOP.D 1916 • 81 

PERIOD 
{CON· 

SECU· 
TIVE 
DAYS) 

2 

5" 

DISCHARGE, IN FT3/S, fOR IND!CJI.TED 
RECURRENCE INTERVAL, IN YEARS, AND 

NON· EXCEEDANCE PROBABILITY, IN PERCENT 

10# 
10\ 

20# 

" 
50# 

" 
100# 

" --··········---······--································ 
1 

' 7 
14 
30 
60 0. 00 o.oo o. 00 0.00 0. 00 0.00 

" o.oo 0. 00 o. 00 o. 00 o.oo 0. 00 
120 0.12 0.00 0. 00 0.00 0. oo 0 .oo 
183 0. 76 0. 08 0. 00 0. 00 0.00 0. 00 .. -.- ............ --- .......... --.-- .... -... -.. --.- ... -.. 

MAGNITUDE A1ID PROSABILITY OF ANNUAL HIGH FLOW 
BASED ON PERIOD OF RECORD 1906, 1913, 1.915·81, 1996 

PERIOD 
(CON· 

SECU· 
TIVE 
DAYS) 50\ 

DISCHARGE, IN F'!'3/S, FOR INDICATED 
RECURRENCE INTERVAL, IN YEARS, AND 
:EXCEEOANCE PROBABILITY 1 IN PERCENT 

'"' 
10# 
10~ 

25# 

" 
50' 

" 
lOO# 

" ······················································· 
1 1, 4.10 3, 230 4.,840 7. 330 9. 480 11,900 

' 703 1, 640 2 ,480 3. 770 4., 89Cl 6,130 
7 "' 852 1, 300 2,000 2,610 3,310 

l5 211 "' 730 1,110 1,4.50 1, 820 

" m 291 .,. 654 '" 1,060 
60 79 174 262 "' "' ... 
90 56 122 183 282 371 "' ... -................................................... 

DURATION TABLE OF DAILY MEAN FLOW FOR PERIOD OF RECORD 1906, 1913, 1915·81, 1996 

DISCHARGE, IN FT3/S, WHICH WAS EQUALED OR EXCEEDED FOR INDICA'.!'ED PERCENT OF TIME 

" 10% "' '" '" 50% '" "' '"' '" '" '" "' 99.5\ 99.9% 

50 
5 ·' 

o. 00 a. oo o.oo 0.00 o.oo 0.00 o.oo o. 00 0,00 o.oo o.oo 0.00 0.00 o.oo 

Reliability of values in column is uncertain, and po.tential errors are large. 
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(72) (72) (70) (70) (70) (70) (70) (70) (70) 
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0 
- 70 

or 
- 60 

0 
-

5 
50 

4 0/-
40 

1-
. 

30 
30 

20 
20 

1- ~ ' l 
' ' I 

10 
10 

0 

ANNUAL 
MONTH 



c· 

ANNUAL MEAN DISCHARGE, IN CUBIC 
FEET PER SECOND 
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GILA RIVER BASIN 517 

09486500 SANTA CRUZ RiVER AT CORTARO, AZ 

LOCAT!ON.--Lat 32"21'04", long 111"05'38", in NW 1/4l•iW1/4NW 1/4 sec.35, T.l2 S., R.I2 E., Pima County, Hydrologic Unit 15050302, at center 
column of bridge pier on left bank, 0.5 mi southwest of Cortaro, 1.0 mi downstream from Ina Road treatment plant, 2.6 mi downstream from 
Canada del Oro, and 3. 7 mi downstream from Rillito Creek. 

DRAINAGE AREA.--3,503 mi2, of which 395 mi2 is in Mexico. 

pERiOD OF RECORD.--October 1939 to June 1947 (published as "at Rillito"), July 1950 to September 1984, March to June 1990, July to Sep
tember 1990 (fragmentary record), October 1990 to current year. 

REVISED RECORDS.--WSP 1283: Drainage area. 

GAGE.~-Water-stage recorder. Datum of gage is 2,100.00 ft, above sea level. Prior to June 30, 1947, at si~e 5.5 mi downstream at different datum. 
July 8, 1950 to Jan. 20, 1966 at present site at datum 19.11 ft lower. Jan. 20, 1966, to Sept. 30, 1984 at present site and datum 23.11 ft lower. 
Aug. I to Oct. 19, 1990, at site on right bank 600ft downstream from bridge at datum 30.20 ft lower. Apr. 10 to May 17, 1991, at site on 
bridge, 200 ft toward right bank, at different datum. Supplementary water-stage recorder on downstream site on left bridge pier at datum 
19.11 ft low~r Aug. 29, 1969 to Sept. 30, 1984. Temporary water-stage recorder on right banlc Oct. 27, 1983 to Sept. 30, 1984 at datum 20.80 
ft lower. 

· REMARKS.--Records poor. Many diversions above station, mostly by pumping from ground water, for irrigation of about 34,000 acres. Waste 
water from irrigation and from sewage-disposal plants is included in flow past station in water years 1951, 1952, 1970-82, 1990-95. 

· EXTREMES FOR PERiOD OF RECORD.-Maximum discharge, 65,000 ff/s Oct. 2, 1983, gage height 16.57 ft from floodmark, computed by 
· flood-routing method from Santa Cruz River at Tucson and Rillito Creek at Tucson; no natural flow for most of each year. (See REMARKS) 

Water 
Annual peak 

Date discharge 
year 

(ft3/s) . 

1940 08-14-40 117,000 
1941 12-31-40 7,800 
1942 08-09-42 1,550 
1943 09-24-43 5,500 
1944 08-16-44 5,650 
1945 08-10-45 14,000 
1946 08-04-46 4,440 
1947 08-15-47 7,500 
1950 07-30-50 12,900 
1951 07-25-51 6,820 
1952 08-14-52 6,100 
1953 07-14-53 10,800 
!954 07-24-54 9,150 
1955 08-03-55 16,600 
1956 07-29-56 3,150 
1957 09-01-57 4,400 
1958 08-12-58 7,890 
1959 08-20-59 8,000 
1960 08-11-60 6,420 
1961 08-23-61 14,700 
1962 09-26-62 11,200 
1963 08-26-63 7,240 
1964 09-10-64 15,900 

1965 07-16-65 2,710 
1966 12-22-65 16,800 

1Highest since 1935. 
2Highest since 1959. 

Annual peak discharge 

Discharge Water 
Date codes year 

1967 07-17-67 
1968 12-21-67 
1969 08-06-69 
1970 07-20-70 
1971 08-20-71 
1972 08-12-72 
1973 10-19-72 
1974 07-08-74 
1975 07-12-75 
1976 09-25-76 
1977 09-10-77 
1978 10-10-77 
1979 12-18-78 
1980 07-19-80 
1981 09-22-81 
1982 08-23-82 
1983 02-04-83 
1984 10-02-83 
1985 12-28-84 
1990 07-24-90 
1991 03-01-91 
1992 08-24-92 
1995 02-15-95 

1996 09-03-96 

Annual peak 
discharge 

(tt3/s) 

5,740 
15,800 
8,400 

11,200 
9,100 
7,050 
9,000 

11,700 
5,200 

10,600 
4,700 

23,000 
18,800 
2,650 
4,310 

13,300 
7,620 

265,000 
13,000 
27,500 
11,600 
4,670 
6,170 

16,400 

Discharge 
' codes 

HP 
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518 GILA RIVER BASIN 

09486500 SANTA CRUZ RJVER AT CORTARO, AZ--Continued 

Discharge rating table developed October 1993 

Gage height Discharge Gage height Discharge 
(ft) (ft31s) (It) (ft3/s) 

6.0 1,700 9.5 9,410 
6.5 2,290 10.0 11,400 
7.0 3,020 10.5 !3,700 
7.5 3,900 11.0 16,200 
8.0 4,960 11.5 19,200 
8.5 6,220 12.0 22,500 
9.0 7,690 12.5 26,100 

Basin characteristics 

_______ _;_ ___________ -;:;:-;::;::;;-;:==-:----'--·-···· 
Rainfall intensity, 24·hour ~:;';~: 

Main 
Stream 

Mean 
Forested 

Mean 
channel iength basin Soil annual 2·year 50-year 
slope elevation 

area 
index precipitation (in) (in) 

(Wmi) (mi) 
(It) 

(percent) (in) 

20.3 140 4,000 18.0 1.8 16.3 2.0 4.2. 



GILA RIVER BASIN 

09486500 SANTA CRUZ RIVER AT CORTARO, AZ--Continued 

/-lEAN MONTHLY AND ANNUAL DISCHARGES 1940·46, 1951·92, 1991·96 

STAN· 
OARD COEFFI· PERCENT 

DEVIA- CIENT OF 
V.AXHruM MINIMUM MeAN TION VARI· 

MONTH (FT3/S) (FT3/S) (FT3/S) (FT3/S) AT ION 

OCTOBER 744 0.00 40 114 2.8 
NOVENBER 168 0. 00 22 l2 1.5 
DECEMBER l, 040 0.00 86 217 2.5 
JANUARY 2. 490 0.00 105 383 3. 6 
FEBRUARY 252 o.oo 43 60 1.4 
~RCH "' 0. 00 38 79 2.1 
APRIL 60 0. 00 l5 20 1.3 
HAY 53 o.oo 14 " 'l.3 
JUNE 6l 0. 00 l5 l8 1.2 
JULY 393 1.7 72 79 1.1 
AUGUST 868 2. 0 122 142 l.2 
SEPTEMBER 358 0,00 " 70 1.2 

ANNUAL 262 2. 6 53 50 0. 95 

MAGNITUDE AND PROBABILITY OF INSTANTANEOUS PEAK FLOW 
BASED ON PERIOD OF RECORD 1940·47, 1950·85, 1990-96 

OF 
ANNUAL 
RUNOFF 

6.4 
3.5 

13.5 
16.7 
6.8 
6.1 

2 ·' 2.2 
2.4 

11,4 
19.4 
'.3 

100 

DISCHARGE, IN FT3/S, FOR INDICATED RECURRENCE INTERVAL 
IN YEhRS, AND EXCEEDANCE PROBABILITY, IN PERCENT 

50% '"' 
10 

"' 
25 

" 
50 

" 
100 

" 
8,780 15,000 20,400 29,000 36,800 46,000 

WEIGHTED SKEW {LOGS):: 0.~6 
MEloN {LOGS)"' 3, 95 
STANDARD DEV, (LOGS)= 0.26 

HAGNITUDE AND PROBABILITY OF ANNUAL LOW FLOW 
EASED ON PERIOD OF RECORD 1941·47, 1952··82, 1992-96 

PERIOD 
(CON· 
SECU· 

""" DAYS) 

DISCHARGE, IN FT3/S, FOR INDICATED 
RECURRENCE IN'I'ERVAL, IN YEARS, MID 

NON·EXCEEDANCE PROBABILITY, IN PERCENT 

lO 
10% 

20 

" 
50# 

" 
100# 

" -·····················-··-·-··-·······-----······-···--

1 o. 00 0. 00 0.00 0.00 0. 00 0.00 
3 0,00 0.00 0.00 0.00 0.00 0. 00 
7 0,00 o. 00 0. 00 (), 00 0.00 o.oo 

l4 o. 00 0. 00 0.00 0.00 o.oo 0.00 
30 0,00 0.00 0.00 0.00 0. 00 0. 00 
60 0.00 o.oo 0.00 o.oo 0.00 o.oo 

" 0.43 o. 00 o.oo 0.00 o.oo 0.00 
120 3.8 0.00 0 .00 0.00 0. 00 0.00 
183 11 1. 5 0.35 0.07 0. 00 0. 00 

···---·-·-----·-··························-----·······-

MAGNITUDE AND PROBl•BILITY OF ANNUAL HIGH FLOW 
BASED ON PERIOD OF RECORD 1940-46, 1951·82, 1991·96 

PERIOD 
(CON· 

SECU· 
TIVE 
DAYS) 50'1,; 

DISCHARGE, IN FT3/S, FOR INDICATED 
RECURRENCE INTERVAL, IN YEARS, AND 
EXCEE:OANCE PROBABILITY, IN PERCENT 

5 

'"' 
10 

"' 
25# 

" 
50# 

" 
100# 

" ...... -- .. ----- ....... ----- .... -------- ................ 

1 2. 040 5, 050 a, oao 13,300 18,300 24,400 
3 1, 020 2,560 4' 180 7. 090 10,000 13,700 
7 541 1,330 2,130 3, 530 4, 900 6,580 

15 31< 760 1,210 2, 010 2, 790 3,750 
30 202 "' 714 1,130 1, 520 1,970 
60 m 290 "' 652 846 1,060 

" 101 218 316 460 579 707 
···--·-·····························--·-·····------···· 

DURATION TABLE OF D}.ILY HEAl'l FLO~I FOR PERIOD OF RECORD 1940·46, 1951·82, 1991·96 

DISCHARGE, !N FT3/S, WHICH W'!IS EQUALED OR EXCEEDED FOR INDICATED PERCEN'l' OF TIME 

"' 15% 20% . 30\> 40\ 50% 60> '"' '"' '" '" 99.5'5 99 .9'o 

833 105 54 47 35 2l 0.16 0.00 0.00 O.H O.H 0.00 O.H 0.00 0.00 0.00 

II Reliability of value!! in column i!l uncertain, and potential e::-ror!l are large. 

519 



¢~-g:;:;;~;;;;,-ccc•~~';;;;¥~1:;ifdf~~i;~~~~k~;:',$~~~~~;,_;:_~t::f~~~~=~~~-=:.~:-=-:·:.: ..... . 

ANNUAL MEAN DISCHARGE, IN CUBIC 
FEET PER SECOND 
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A. Winter 
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Figure 6. Regional trends in precipitation, 1950-2002. A, Winter; 8, Summer; C, Annual. 

Trends in Streamflow 

The analysis of regional trends in streamflow was 
limited by tl1e incomplete records and spatial distribution 
of streamflow data in the study area. Whereas 21 gaging 
stations had at least 25 years of data, only 6 stations 
had complete records that could be used for a Iigorous 
analysis of regional n·ends during 1930-2002 (table 4). 
There were 10 gaging stations on 4 rivers (table 2), so 
6 of those stations could not be used because of spatial 
correlation. Another 9 stations were not used because the 
records had large blocks of time when the stations were 
discontinued. The streamflow data from the 15 gaging 

stations not used for the rigorous regional comparison 
were still evaluated, but with attention to their limitations 
(table 5). 

Seasonal and annual streamflow had no trends for 
most of the II analyzed time periods; 79 percent of 
the 330 trend tests performed on individual sites were 
not significant (table 4). The time pe1iods that did have 
significant streamflow trends were not as clustered about 
Ihe mid-century drought as were the significant trends for 
precipitation. Sixty-six percent of the significant trends 
were for time periods that started before 1955. Most 
significant trends in winter, spring, fall, and annual flows 
were positive, and 95 percent of the significant trends in 
summer flows were negative. 



16 Trends in Streamflow of the San Pedro River and Regional Trends in Precipitation and Streamflow, AZ and NM 

Table 4. Trends in seasonal and annual total streamflow at 6 gaging stations for 11 time periods, 1930-2002, southeastern Arizona and 
southwestern New Mexico 

[ <, Jess than; nr, near; AZ, Arizona; NM, New Mexico; NA, data are not sufficient for significance testing ( < 20 years)] 

Season1 

Winter 

. 

Gaging station name 

San Pedro River at c;h.arleston, AZ 

Santa Cruz River nr Nogales, AZ 

Part of 

southwest 

Significant trend in flow (p-value < 0.05f 
(pis positive trend and n is negative trend) 

Starting year for trend test (data for all tests end in 2002) 

San. Carfos River nr PeridClt, A'!- northwest n 

Spring 

,Sabino C~eek ni- Tucso!l, AZ 

· · Gila RiVer flr Gila, 1\TM 

Sari ·Francisco River nr_Gien.:VOod, NM 

San Pedro River at Charleston, AZ 

Santa Cruz River nr Nogales, AZ 

San Carlos River nr Peridot, AZ 

Sabino Creek nr Tucson, AZ 

Gila River nr Gila, NM 

San Francisco River nr Glenwood, NM 

summ·er. _St~?~t,:~oRiv~r~t .. <;:harl~ston,~z· .. ,._ 
:; 

Fall 

Annual 

·s~d c~z Ri,~er nr ·N~ga1;;s; ;AZ · ._;. 
' . ,.·· · .. 

Sa~ C?~io's Ri~er nr Peridqt; AZ · 

. Sabirlo Creek nr Tucsciit, A.Z 

Gil~· Riverirr,Gila, NM .. . . . 
S~n Francisco ,Rive! nr Glenwood, NM , 

San Pedro River at Charleston, AZ 

Santa Cruz River nr Nogales, AZ 

San Carlos River nr Peridot, AZ 

Sabino Creek nr Tucson, AZ 

Gila River nr Gila, l\TM 

San Francisco River nr Glenwood, NM 

San Pedro RiV~r at Charlest?n, A?
San:ta CruZ River nr Nogales, AZ 

Sail Carlos River nr Peridot, AZ 

Sabino Creek nr Tucson, AZ 

Gila River nr Gila, NM 

San Francisco River nr Glenwood, l\TJ\1 

northeil.st 

southwest 

northwest 

northeast 

.northwest"· 

· :. ~ortbeast 

southwest 

northwest 

northeast 

southwest 

northwest 

northeast 

n 

p 

· .. n 

·n 

n 

n 

p 

p 

p 

n 

p 

n 

n 

p 

n 

p 

p 

p 

p 

n 

p 

n 

n 

p 

n 

p 

p 

p 

p 

p 

n 

n 

p 

p 

p 

n 

p 

p 

p 

p 
1\Vinter is November~ March, spring is April~June, summer is July~ August, and fall is September~October. 
1See figure 2. 

3A Kendall tau trend test was made on seasonal and annual average streamflow. 

p 
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n n 

NA NA 

n n 

NA NA 
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n n 

NA NA 
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NA NA 

n 
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NA NA 
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Table 5. Trends in seasonal and annual total streamflow at 11 gaging stations for periods of record, southeastern Arizona and 
southwestern New Mexico 

[<,less than; Sip, slope; nr, near; Riv, river; Cr, creek;>, greater than] 

Kendall tau trend test2 

Part of Map Period of Winter3 Spring3 Summerl FaiP Annual 
study area1 no.1 Gaging~station name record Slp4 p·value Slp4 p·value Sip' p·value Slp4 p·value Slp4 p-value 

southwest 2 San Pedro Riv at Palominas '1931-2002 n 0.032 n 0.041 

3 San PedrO Riv at Charleston 
fl"l;rr;;:;:::;•::-:7''""::::~ 

1913-2002 ,;,:;'i.'?;m.t!c:•:,:l n .042 

4 San"Pedro Riv nr Redington 

6 Santa Cruz Riv nr Lochiel 

7 Santa Cruz Riv nr Nogales 

8 Sonoita Cr nr Patagonia 

9 Santa Cruz Riv at Tucson 

14 VVbitewater Draw nr Douglas 1931-1982 n <.001 n <.001 

northwest San Carlos Riv nr Peridot 

5 Aravaipa Cr nr Mammoth 

10 Sabino Cr nr Tucson 

11 Pantano Wash nr Vail 

12 Rincon Cr nr Tucson 

13 Rillito Cr nr Tucson 

northeast 15 Mimbres Riv nr Mimbres 

16 Gila Riv nr Gila 

17 Mogollon Cr m Cliff 

18 Gila Riv nr Redrock 
' 

19 San Francisco Riv nr Reserve 1960-2002 .. .. ,. 
'·l 

20 Tularosa Riv abv Aragon 1967-1996 
~· ' . 

' "~ 
21 San Francisco Riv rn Glenwood 1928-2002 ': .. 

1See figure 2. 

2Trend test was made on seasonal and annual average streamflow. 
3Winter is November-March, spring is April-June, summer is July-August, and fall is September-October. 
4Slope of trend: n is negative and pis positive. 

~Gaging station has more than 10 years of missing data in a continuous block of time within period of record. 

n 0.024 C?. ::.it~~22~·x;J n 0.049 

n <.001 n .011 n <.001 

·:,,· 

...... , . . ,._:,, 



18 Trends in Streamflow of the San Pedro River and Regional Trends in Precipitation and Streamflow, AZ and r•M 

Geographic pattems in streamflow trends were similar to 
the geographic patterns in precipitation trends-streamflow 
trends of the San Pedro River Basin were generally similar to 
streamflow trends of other streams in the southwest part of 
the study area, and trends in the southwest part were different 
from trends in the rest of the study area (fig. 7 and tables 4 
and 5). The two rivers in the southwest part that had complete 
records-San Pedro River and Santa Cruz River-had 
consistently different n·ends from rivers in the rest of the study 
area. The San Pedro and Santa Cruz Rivers had consistent 
negative summer trends, and other streams had no summer 
trends. For annual flows, the San Pedro River had a negative 
trend, the Santa Cruz River had no trend, and the rest of the 
study area had no trends or positive trends. 
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The patterns of the trends in streamflow at the six 
gaging stations with complete records were also found in 
the trends for the gaging stations that did not have complete 
and consistent records (table 5). Whitewater Draw is the next 
major watershed to tl1e east of the San Pedro Basin. It had 
data only from 1931 to 1982, but it had similar streamflow 
trends as the San Pedro River. All seasons except sununer 
had significant negative trends, and the p-value for summer 
trends was nearly significant 8.t 0.081. Streamflow at other 
stations with incomplete records in the northwest and 
northeast parts of the study area had few significant trends, 
but most significant trends at the six stations with complete 
records were for time periods starting in 1930-50 and ending 
in 2002, and the records at these other stations did not cover 
that time period. 

B. Summer 
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Figure 7. Regional trends in streamflow, 1950-2002. A, Winter; 8, Summer; C, Annual. 



The decreasing trends in summer flows for \\'hitewater 
Draw, the San Pedro River, and the Santa Cruz River could 
have similar causes. The three watersheds had similar 
historical changes: upland vegetation changed from primarily 
grasslands to mostly mesquite woodlands, riparian vegetation 
increased substantially, and ground-water pumping increased 
substantially (Tumer and others, 2003; Robelt H. Webb, 
U.S. Geological Survey, oral conunun., 2004). 

Temporal Patterns or Cycles in Precipitation 
and Streamflow 

There are long-term temporal patterns or cycles in 
precipitation and streamflow in the study area. Understanding 
these cycles is impoltant because (1) the cycles influence 
long-term changes in water supply, vegetation, and other 
watershed characteristics, (2) the cycles tend to repeat and 
their magnitude and duration can be used for land- and water
management decisions, and (3) trend analyses are strongly 
affected by the cycles. 

Long-te1n1 patterns or cycles in precipitation from 
1930 to 2002 m·e shown in graphs of regional normalized 
precipitation for the study area (fig. 8). Regional normalized 
values are an average of the long-term data in the region. 
Wmter and spling precipitation had much more pronounced 
cycles than did sununer or fall precipitation. Winter and 
spring precipitation were generally high in the 1930s, low in 
tlre 1950s and 1960s, high in the 1980s, and low in the late 
1990s and early 2000s. The seasons had different interannual 
variability; spring and fall precipitation had the most 
variability, winter had moderate vruiability, and sununer had 
small valiability. 

The nmmalized precipitation trends for the southwest 
part of the study area generally followed the same patterns as 
the normalized trends for tlre rest of tlre study area. Tire only 
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notable difference was in summer precipitation from 1930 
to 2002; summer precipitation appeared to decrease slightly 
in the southwest prut and increase slightly in the rest of the 
study area. 

Long-temr cycles in streamflow from 1930 to 2002 
are shown using nonnalized values for the Sru1 Pedro 
River at Charleston and regional normalized values for the 
northwest and no!theast parts of the study area (fig. 9). 
Regional normalized streamflow for winter, spling, and fall 
in the northwest and northeast pm·ts of the study area had 
long-term patterns similar to those in the precipitation data. 
A big difference between precipitation and streamflow in 
tl1ose areas was in tl1e summer: summer precipitation had no 
apparent cycles and small interannual valiability, and sununer 
streamflow had large cycles and large interannual vadability. 

In contrast to the pronounced streamflow cycles in the 
nort11west and nmtbeast pruts of the study ru·ea, streamflow 
in the San Pedro River mostly just decreased steadily. 
Precipitation in all parts of the study area had long-term 
cycles, and the influence of those precipitation cycles appears 
in streamflow in the northeast and nmthwest pm·ts of the study 
area but not in streamflow of the San Pedro River. This lack 
of response to precipitation cycles is one indication that other 
factors besides precipitation could be affecting streamflow of 
tlre San Pedro River. 

Effects of tlre recent drought (about tlre past 5 years) 
appear as decreasing trends in many of the plots of nmmalized 
precipitation and streamflow for all parts of the study area 
(figs. 8 and 9). Tirere are downtums from 1990 to 2002 in 
precipitation and streamflow for both winter and spring. 
Effects of the drought do not appear in summer precipitation 
in any pmt of the study m·ea, and other seasonal precipitation 
and streamflow show mixed effects. 


